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Introduction

Water is the major constraint for agricultural development and sustainability in arid lands.  The agriculture sector is the major consumer of water in Jordan, using up to 80 percent of available water.  As water demand increases in the country, and with ever decreasing supplies, water has to be utilized more efficiently and prudently.  Agriculture will face increased economic pressure from municipal and industrial users.  

The main source for irrigation water is the surface water in Jordan Valley, and the groundwater in the highlands.  Treated wastewater is a potential non-traditional water source, which can be used for irrigation.  During the year 2000, Jordan had a total of 19 wastewater treatment plants serving 65-80% of the total population.  Wastewater effluents from these treatment plants are estimated to be 60-80MCM.  Several factors and conditions restrict the use of treated wastewater in agriculture.  The most important of these are: (1) Crop type; cultivated crops should not be fresh consumed by human such as lettuce and cucumber, and (2) Irrigation systems should minimize environmental hazard and avoid direct contact between irrigation water and crops.

Since the early 1980s the general approach has been to treat the wastewater and either discharge it to the environment where it mixes with freshwater flows and is indirectly reused downstream, or to use the resulting effluent to irrigate restricted, relatively low-value crops. Given the diminishing per capita freshwater supply, the increasing dominance of effluent in the water balance, the overloading of wastewater treatment plants, local riparian water rights, and the need to protect domestic and export produce markets, effectively managing water reuse, including enforcement of existing regulations, has become increasingly challenging. Jordan is in the process of rehabilitating and expanding its wastewater treatment plants, and exploring options for smaller communities.  Reclaimed water, appropriately managed, is viewed as a major component of the water resources supply to meet the needs of a growing economy.
The government of Jordan strategy is to fully utilize the reclaimed water for irrigated agriculture which is the major sector of water consumption.  Implementing this strategy necessitates the needs for a safe, reliable and sustainable use of reclaimed water.   This can be achieved by maximizing the efficiency of utilizing limited water resources, and ensuring compliance with all health and safety standards regarding use of reclaimed water.

This report presents a detailed revision of the urban wastewater reuse systems in agricultural production in two selected case studies, namely the Jordan Valley case study and Aqaba case study, in which the reuse of treated wastewater have been already well established (MWI, 2000).  The analysis focuses on identifying these technologies in respect to land resources, treated wastewater resources, wastewater reuse technologies, efficiency of reuse, and impacts of reuse on irrigated agriculture and on human health.  The report, also, illustrates the problems and challenges that facing the sustainability of wastewater reuse from technological, technical, and economical point of views.

Case One: Wastewater Reuse in the Jordan Valley

The Jordan Rift Valley is divided into the Jordan Valley area and the Southern Ghor.  The Jordan Valley area lies to the North of the Dead Sea (Figure 1). This area is divided into the North, Middle and Southern Directorates, which are in turn, subdivided into stage offices, with each stage office supplying water to a number of development areas.  This report is concerned with the Middle and Southern Directorates where wastewater reuse is utilized for agricultural production.
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Figure 1.  Location map of As Samrah WWTP and the surroundings (after McCornick et al., 2003).

The Jordan Valley lands have been classified with regards to their irrigability.  Many of the irrigable lands of the Jordan Valley have been developed to allow intensive irrigation. The Jordan Valley has not been receiving the required supplies to meet regular demands and, even when water is available, some farmers are not fully utilizing their available lands because of the generally poor market for crops. 

Wastewater reuse technologies

The majority of the treated wastewater generated in Jordan originates in the Amman Zarqa Basin from the As-Samra WWTP.  Treated effluent from the As-Samra WWTP (about 72 Million m3) is discharged to Wadi Zarqa. The wadi flows into the King Talal Reservoir (KTR) where it is mixed with the surface flow and used in the pressurized irrigation distribution system in the Jordan Valley.  Figure 1 illustrates the schematic of the Jordan Valley water system.

The importance of reused wastewater is an essential element of Jordan's water strategy.  By the year 2020, when the population is projected to be about 9.9 million, about 240 million cubic meters per year of wastewater are expected to be generated.  The water in the reservoir, blended with water from the King Abdullah Canal (KAC), when available, is used for irrigation in the Middle and Southern portion of the Jordan Valley.  The main objectives of this strategy are:

1. Maximizing the integrated socio-economic returns to water,

2. Sustaining irrigated agriculture in the Jordan Valley,

3. Increasing wastewater services and managing wastewater in order to meet the irrigation requirements, and

4. Protecting groundwater quality.

With the diminishing contribution of groundwater resources in irrigation due to over-pumping of groundwater in the highlands, and the increasing discharge of effluent into King Tala Reservoir from the As-Samra WWTP upstream, reclaimed water has become a significant portion of the dry-season flows and the reuse of treated wastewater reached the highest level.  

The use of treated wastewater at sites in the immediate vicinity or adjacent to the As Samrah WWTPs is generally under the jurisdiction of the Water Authority of Jordan (WAJ), which plans, builds, owns, operates and maintains the WWTP. A number of these sites are pilot projects with some research and limited commercial viability, but more recent projects funded by several donor organizations, are aimed at developing more productive use of the water resources while demonstrating public health and environmental protection.
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Figure 1. Schematic of the Jordan Valley water system (volumes are averages for 1995-2000).

Wastewater Supply and Demand in the Jordan Valley

King Talal Reservoir Supply

The effluent of As Samra WWTP is discharged to Wadi-Dhuleil, which joins Zarqa River and reaches King Talal Reservoir (42 km downstream of the treatment plant).  King Talal Reservoir supplies the rift valley crops (Middle and Southern Directorates) with treated water from the As Samrah Treatment Plant, which is currently working over capacity.  Treated wastewater from the dam is currently being used after being mixed with whatever surface runoff occurs in the Amman Zarqa catchment during wet season.  However, the stored water in the dam during dry seasons is almost only the treated wastewater for As-Samra WWTP effluent.

Water supplied from wadi Zarqa is a blend of surface runoff (floods), base flow from springs and effluent from As Samrah wastewater treatment plant that is stored in King Talal Reservoir for use in the Middle and Karameh Directorates.  In theory, the KTR water is blended before with fresh KAC water and with surface runoff during wet season for use in these directorates. However, most recently, the KTR water has been delivered at full strength. For 1998 and 1999, the portion of the water supplied to the Middle Directorate from KTR was 91 and 100 percent respectively, based on records from the Middle Directorate as shown in Figure 2. Ironically, those farmers in the Middle and Southern Directorates who presently use saline groundwater, view KTR water as being better quality, at least with respect to salt, than their present supply.
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Figure 2. Blending of KTR with KAC water to the Middle and Karameh Directorates.

Demand

The quantity and pattern of water use in an actual irrigation system rarely matches with the theoretical crop water use, and, according to a number of observers (WQIC, 1997; and Hanbali, 2000), this is the case in the Jordan Valley.  The actual response of the system, in terms of actual water diverted to each stage office, is different from the theoretical water requirements of the crops being grown.  However, the results from each Directorate do show that actual water delivered in the middle of the season (hot and dry) is less than will meet the needs of the crops and allow for the expected efficiency of the system, whereas, the quantity of water delivered in the cool winter season is considerably greater than the needs of the crops and the expected losses in the system.  This additional usage of water is most likely because the supply is available and, at least to some extent, the need to leach the soils.  It also distorts gross efficiency numbers as much of the water supply is only available when the crops cannot use it effectively.  The quantities of water used are generally not much greater than the theoretical needs of the crops and the expected losses in what is a relatively efficient conveyance, distribution and application system.  However, the timing of the supplies do not always meet the needs of the crops resulting in lower than expected yields (Hanbali, 2000).

The relatively poor performance of water in the Jordan Valley is of concern, particularly with relatively high salt levels in the water supply.  However, it does not preclude the further use of treated wastewater in the valley, rather it limits the returns from any proposed developments.  The constrained productivity remains whether the water supply is fresh or recycled. In addition, the constraints of water supply, especially in the hotter and drier months, limits the extent to which irrigated crops can reach their full productivity.

Water Allocation and Resource Network in the Jordan Valley

The stored water in the KTR flow downstream to KAC. Part of the KTR water is used directly for irrigation of lands located before the water being mixed with KAC water. The mixed water is used for irrigation of lands in the middle and south of Jordan Valley. The water is delivered to irrigated lands (farm units, each farm is about 3 ha) thru pressurized pipes. In each farm unit, water is delivered at the Farm Turnout Assembly (FTA– box protecting a water-meter, a valve and a flow-limiter). Presently, the total length of the canal is 110 km from Yarmouk River to the Dead Sea, and its capacity ranks from 20 m3/s upstream, to 2.3 m3/s downstream. Irrigated agriculture in the valley has been facing major droughts for the last years.  Presently, the irrigable area in the Jordan valley is about 310,000 dunums, but around 50,000 dunums are not fully irrigated in the south, due to a current lack of water resources.

The Jordan Valley Authority (JVA) delivers water according to a system that separates two periods in the Year.  Between December and April (period with low temperature and solar radiation, high humidity and scattered rain), as water is not scarce, farmers may receive the amounts they want, according to their demand. The system has only two limits. The first one deals with operational hours: the pumping stations are not operated more than 6 to 8 hours per day. The second one is organizational: requesting farmers have to gather and reach a minimum number (8 to 10) for JVA to decide to operate the pumping station. However, these two limits generally don’t bother farmers, as irrigation requirements are low at this period (because of frequent rains), and as farmers easily agree together.  Generally around the first of May, this system shifts to another one, based on a weekly rotation schedule, according to which farmers receive water. The allocated amounts are fixed for this whole period, and calculated according to the category of crop they grow.

Allocation of extra hours

In addition to this allocation, JVA may decide to allocate specific volumes to farmers when they have specific needs.  As consumptions are usually accounted as hours of water delivery, these selective allocations are usually named “extra-hours”.  Usually, these extra-hours are decided by the JVA and granted in same amounts to every farmer at specific periods (for example at the time of land preparation, or "solarization", especially in green houses, or due to exceptionally hot weather).  In some cases, JVA may decide to operate the pressurized network during an additional day (“extra-operational day”).  Farmers may also ask individually for extra-hours. Their request is considered in Stage Offices where JVA decides to grant them water or not according to their current resources needs. These requested extra-hours usually range from 2 to 8 hours a week.

On-farm Storage Pools

To overcome the shortage of water resources during summer seasons and/or the disrupting of water distribution schedule, farmers resolve this problem by construction on-farm storage pools (up to 1500 m3 in volume); this practice is very common in the Jordan Valley.  These pools could be used to store when it is available in large amounts (winter) until the deficit period (spring and summer) and/or to schedule the irrigation frequency according to irrigation requirement of their crops and not irrigate whatever quantity at water they receive, thus according over irrigation in certain times and under irrigation in others. 

Table 1 summarizes the benefits of these storage pools and also constraints which farmers may face using their pools.

Table 1.  Storage pools benefits and drawbacks 
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Among the benefits, the very major one is to rely on a constant flow in their drip irrigation network.  The second main reason is to make the water settle and avoid sediments in their network, especially in winter when water from the canal is said to be of poor quality.  This point is however controversial for many reasons: others studies have shown that farmers use to begin pumping from the pool before they close the Farm Turnout Assembly.  Moreover, most of the sediments found in the pool seem not to be brought from the canal but from the pool surroundings. Algae are also responsible for emitters clogging, when not eaten by fish.

Water pricing

Farmers are invoiced according to the consumed volumes, metered monthly on each FTA. Until 1995, water tariff was uniform: 0.006 JD/m3. As many investments were done to improve efficiency and to construct dams, it was decided to increase this tariff, and thus increase cost recovery. Present system  uses tiered pricing as explained in Table 2.  Despite this increase, it is estimated that only 30% of JVA operational costs were covered through invoicing in 2001 (Teissier du Cros et al., 2001).

Table 2.  Water tariff system (Source: JVA–Water resources directorate)
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As a result of this system, a farm unit (FU) with only vegetables (average consumption of 2 mm/day or 1800 m3/month for 30 dunum) pays 0.011 JD/ m3, a citrus farm (4 mm/day) 0.018 JD/m3, and a banana farm (8 mm/day) 0.026 JD/m3.  Although tiered pricing usually incites to a decrease in consumption, these tariffs are still very low and seem inefficient to reduce farmers’ demand.  

Irrigation System Technology

It is well known that surface irrigation includes considerable loss through seepage and evaporation, and therefore it is not recommended in countries like Jordan in which water shortage is a serious problem. The Jordanian wastewater reuse standard is prohibited the use of surface and sprinkler irrigation systems. Drip irrigation, beside profitability and probable safe use, is considered the viable option for treated wastewater, and it has many other advantages.  Among these is the application of small amounts of water to a limited soil volume.  The volume of soil wetted by this method is less compared with other methods; also, deep percolation is negligible.  Since the pressurization of the JVA network, most of farms have been using pressurized irrigation techniques. Drip irrigation is very common in the area and is used for vegetables (and sometimes with trees). Farmers also use "open tubes" and "virojets" (micro-sprayers) to irrigate citrus.

A major drawback of the trickle irrigation system is the susceptibility of its emitters and tubes to clogging.  The potential of clogging problem is often related to water quality.  Other than clogging with silt and clay, the most common causes of clogging are precipitation of calcium carbonate, calcium phosphate compounds, iron oxide and bacterial slimes and algae growth.

As Samra effluent has a high concentration of suspended solids which is in the range of 100-200 mg/l.  Ultimately, this causes clogging problems in a drip irrigation system.   Studies on the use of As Samra treated wastewater for irrigation confirmed that the effluent has a low metal content and in compliance with the Jordanian wastewater reuse standards.  It showed moderate restriction for surface trickle irrigation.

There are several cultural practical that has been adopted in JV to improve the efficiency and sustainability of WW reuse in agriculture. These practical included the following:

1- When the salt content is high enough to reduce significantly the crop productivity, the WW is missed with water with better quality. Another approach to overcome the high salt context is to irrigation in certain frequencies with water with better quality, thus leaching the salt accumulate in the top soil where plant roots are growing and decrease the salt stress for the plant growth. 

Higher frequency of irrigation is another technique is adopted by some farmers to help the plant grow when saline WW is used for irrigation through keeping the root zone moist thus diluting the salt concentration in the soil solution. In case salt accumulation in the soil after certain period of continuous irrigation with saline WW, farmer tend to leach salt with non saline prater at least from the top 30 cm soil depth. 

The use of plastic mulch has proved to be very beneficial also in keeping the root zone moist for longer time thus reducing irrigation frequency, reducing losses by evaporation and consequently improving WUE. This technique also prevent direct contact with edible part thus reducing health hazard. One of the most successful practical adopted by farmers to improve efficiency and sustainability of WW reuse in the adoption of the most efficient irrigation methods, that is the pressurizes drip irrigation; a good filtration system well designed irrigation system and continuous monitoring and maintenance of the system to ensure better uniformity of water distribution. 

Another approach and technique to ensure sustainability of WW reuse is the proper selection of crop according to the compliance with the Jordanian standard and according to the level of salt tolerance. This usually takes into account the value of the crop produced in another word in some cases a 50% of the maximum possible yield of one crop has more value than may be 70% of another crop. Moreover, the soil in the agricultural field irrigated with WW has to be leveled and well prepared and doil and wastewater characteristics should be known to ensure efficient and uniform distribution. 

Despite of the fact that there are several technical that are adopted by farmers to improve the efficiency, sustainability, safe and environmentally sound practical still there are some farmer who do not adopt such practical and therefore negative results have been observed. This clearly reflects the lack of awareness and skills on the proper management of WW reuse. This necessitates the needs or programs including WS, training courses, extension etc. to train farmers and enhance their awareness and skills on how to properly manage WW reuse.  

Periodic monitory for soil quality especially salt level and crop quality parameters is a key issue to ensure safe  and sustainable WW reuse program in agriculture. This is very important nowadays with free trade market system when the quality of agriculture products have to comply with the standards in the country of the exporting market.  

Filtration Techniques

In what concerns their irrigation systems, the clogging of emitters is for farmers the most serious and common problem, especially with in-line drippers. Indeed, when emitters get clogged, the irrigation efficiency is seriously lowered: the irrigation uniformity is disturbed so that certain plants get too much water (and fertilizers) whereas others are under-irrigated and under-fertilized. As a result, the yield and output are negatively affected. If the clogging is not mastered, this means that the farmer has to renew his laterals more regularly. Therefore the clogging can be directly seen as an economical problem for farmers: lack of production counting even more than the additional cost of the replacing. The farmers are highly aware of the problem, especially when they have greenhouses and high value crops: they re-new their laterals every 1 to 2 years.  Also, farmers are exploring in the field different low-cost techniques to prevent and decrease the clogging of emitter.

In the Jordan Valley, along with the localized irrigation farmers had generally adopted a filtration station "sand filter + screen filter", copying the first modern farms.  Also, some farmers use disk filer technique for better filtration of water.  This technique has numerous advantages in comparison to the screen filter; bigger area of filtration, better quality of the manufacturing, efficient locking and tightening system, resistant to time because mainly out of plastic, possible back flushing when 2 filters in a row, with sufficient pressure. Farmers in the Jordan should be encouraged for the transition from screen to disk filter because its operation is similar to the screen one and because they are in the same range of price.

Plastic mulches

Microbiological contamination of the KTR water reaching the Jordan Valley poses a significant health risk, primarily in the winter months. The prevalence of drip irrigation and the use of plastic mulches reduces the risk of the water coming in contact with the part of the crop that is likely to be eaten raw.  Farmers generally use dark 80 cm-wide mulches. Also, these mulches substantially reduce the evaporation of water from the soil surface and prevent weed growth

.

Plastic mulches generally consist of thin sheets of polyethylene or a similar material placed over the ground surface, especially along the plant rows. Holes are cut into the plastic film at plant spacings to allow the plant vegetation to emerge.  Plastic mulches can be transparent, white or black. Color influences albedo mainly during the early stages of the crop.

Economical and social impacts of wastewater reuse in the Jordan Valley

Studies in the reuse of wastewater in the Jordan Valley showed that there are several benefits in using treated wastewater. First, it preserves high quality and expensive fresh water for potable use. The cost of secondary-level treatment for domestic wastewater in Jordan, an average of US$ 0.5/m3, is cheaper than developing new drinking water supplies in the region (World Bank, 2000). Second, collecting and treating wastewater protects existing sources of valuable fresh water, the environment, and public health. In fact, wastewater treatment and reuse (WWTR) not only protects valuable freshwater resources, but also can supplement them through aquifer recharge.  Keeping in mind, that As Samra WWTP effluent quality is in compliance with the Jordanian standards for wastewater reuse.  

If the benefits of environmental and public health protection were correctly factored into economic analyses, wastewater collection, treatment and reuse are among the highest priorities for scarce public and development funds in Jordan. Moreover, if managed properly, treated wastewater can sometimes be a superior source for agriculture than fresh water sources. In the Jordan Valley case, the treated wastewater is a constant water source from KTR.  Moreover, nitrogen and phosphorous in the wastewater result in higher agricultural yields than freshwater irrigation, negating the need for additional fertilizer application. 

The economic, social and environmental benefits of the reuse of wastewater in the Jordan Valley are clear. It improves the substantial contribution of agriculture to the economy of the country. The small landholders expanded their holding and landless farmers gained land.  More social infrastructures like schools, rural hospitals, domestic water, electricity, and agricultural institutions were completed the Jordan Valley in tandem with the ongoing reuse projects.  

Realizing these facts the highest priorities in the Ministries are given for upgrading the existing wastewater treatment plants and the monitoring facilities to fully comply with the effluent water quality standards.   A rehabilitation project for As Samra WWTP is already started to improve the quality of the treated effluent and ultimately this will open wide broad for wastewater reuse and utilization.

Safety and human health impacts of wastewater reuse

Pathogens in the water supplied pose a threat to human health. From 1994 through 1999 the Fecal Coliform Count in water reaching Abu Zeighan on wadi Zarqa is above the limit (1000 MPN/ml) for reuse in the Jordanian Standards three months out of the year.  Furthermore, water from the King Abdullah Canal (KAC) prior to mixing with KTR water also, on occasions, exceeds this standard (WQIC, 1995). 

The microbiological quality of irrigation water is variable and at times of marginal quality for unrestricted irrigation practices. The prevalence of drip irrigation combined with plastic mulches does limit the risk of workers and edible portions of the crop coming in contact with the contaminated water.  In addition to the pathogens from As Samra and the other wastewater treatment plants in the basin, the waters in the wadi are subjected to contamination from the urban areas, intensive livestock production, illegal dumping of septage, and smaller communities along the wadi. FCC levels well above the Jordanian Standards for discharge to wadis are common, particularly during the wet season. This contaminated runoff reaches a relatively empty reservoir giving very little opportunity for die-off in the reservoir before it is delivered to the Jordan Valley.

In the dry season, the reservoir is effective in reducing the FCC well below the Jordanian Standards. However, recontamination of the releases from the dam in the wadi downstream results in levels of FCC that can exceed the respective standard before it reaches the valley.

AGRICULTURAL SUSTAINABILITY IN THE JORDAN VALLEY

Water quality can impact sustainable agriculture in terms of crop production, management, maintenance and human safety.  With respect to the sustainability of irrigated agriculture, researchers concluded that irrigated agriculture can sustainably produce a wide variety of crops in the Jordan Valley using the quality of recycled water that is available from KTR (Grattan, 2000). The restrictions on crops, primarily due to the salt and chloride levels, will require good management to be productive and prevent salinization of the soils. However, given poor management, any damage done can, in most cases, be reversed.

Special Treatment Requirement 

The average salinity level in KTR water from 1994 to 1999 (ECw = 1.9 dS/m) impacts sensitive crops, such as strawberries and beans, but should allow 72 percent of the main crops grown in the Jordan Valley to be grown at more than 80 percent of their yield potential.  However, if the quality of KTR water were to stabilize at the 1999 level (2.4-dS/m), then only half of the major crops grown in the Jordan Valley would reach more than 80 percent of their yield potential, according to Grattan (2000). A relatively slight increase in salinity levels would have a devastating effect on the current crops grown in the areas presently using KTR water. Crops such as banana, stone fruits, apples, onions and carrots become difficult to sustain in these areas. Crops which could sustain 90 percent of their yield potential with salinity levels in the water supply of 2.4-dS/m include asparagus, cauliflower, dates, fig, garlic, guava, peas, olive, squash and many forage and grain crops.

It is important to emphasize that further increases in the salt levels in KTR will have serious consequences on the cropping patterns. The elevated levels of salt in the KTR over the past two years have been due to the drought conditions.  The present and projected salinity levels in the effluent from As Samra are expected to remain at or slightly below 1250-mg/l (1.95-dS/m). Further sources of salt in KTR include emissions from industry in the Zaraq area and the saline springs along the wadi. It is important that such sources do not contribute to a further rising of the salinity.

Because of increased supply, the situation in the Middle and Southern Directorates may in fact improve due to increased leaching and further intensification of cropping patterns. However, in the Northern Directorate, where the better quality water from KAC is presently used, the introduction of KTR water, would have a significant negative effect on the relatively salt and chloride sensitive citrus-dominated cropping patterns. Other toxic ions such as Sodium (Na) and Boron (B) are not likely to be problematic. Soil infiltration is, generally, not considered to be of concern, although there may be some localized problems.

Presently nitrogen levels in KTR water are between 26-30 mg/L most of which is in the ammonium (NH4) form, which presents a significant load. With the projected increases in effluent volumes, these levels could rise significantly, until the upgrading of As Samra facility is completed, when nitrogen levels will be significantly reduced.  Nitrogen is not always beneficial to crops. For example high concentrations late in the season can adversely affect fruit quality, cause unnecessary vegetative growth and/or delay maturity. Despite the high levels of nitrogen in the water, many farmers receiving KTR water are still applying nitrogen, which is generally not required. Phosphorus levels in the KTR water does not present a hazard to the irrigated crops.  However, it does create algae blooms in the reservoir, which results in organic suspended solids.  It has been argued that irrigating with KTR water has a positive effect on the environment.  The reduction of the N and P in the water, which is then discharged to the Jordan Valley and the Dead Sea, thereby improving the quality of discharge to the receiving waters.

Trace elements are not likely to be a limitation to the sustainability of irrigated agriculture with recycled water from KTR. However, it will be prudent to be vigilant, with particular attention given to Mn, Mo, Li and V due to their concentrations in the irrigation water being close to the Jordanian guidelines (Grattan, 2000).

Economical Concerns

The government strategy is to fully utilize the wastewater effluent for restricted irrigated agriculture.  Implementing this strategy necessitates that the quantities of the wastewater effluent meet the Jordanian Reclaimed domestic wastewater standards (J893/2002) and World Health Organization (WHO) guidelines for irrigation water quality.  The Ministry has adopted recently a new comprehensive water strategy statement covers four water sub-sectors; namely, utilities, irrigated agriculture, wastewater management, and groundwater management.  The main objectives of this new strategy are:

a) Maximizing the integrated socio-economic returns to water,

b) Sustaining irrigated agriculture in the Jordan Valley,

c) Increasing wastewater services and managing wastewater in order to meet the irrigation requirements, and

d) Protecting groundwater quality.

Also, the export market for food crops grown in Jordan has suffered from restrictions imposed by some of the importing countries of the Arabian Peninsula and Persian Gulf because wastewater, or inadequately treated wastewater, is used to irrigate crops in some parts of Jordan.  More recently, standards for exporting crops to Europe have become more rigorous, stressing the importance of addressing the role of wastewater in the water used for irrigation. To address this, the Government of Jordan is implementing an aggressive campaign to rehabilitate and improve the wastewater treatment plants in the country.  

Financing Problems

The prevailing situation is that revenue from the sale of treated wastewater is so meager, especially that for irrigation water, that the Jordanian Treasury has to make substantial outlays just to support the bureaucracy and to try to close the gap for operation and maintenance monies.  There is little or no money available for rehabilitation, equipment replacement, operation and maintenance, and new construction. Most of these monies are coming from foreign aid, loans, and, more recently, private-sector participation (PSP). There is no firm provision for the retirement of loans or for servicing the PSP financial requirements. 

Sustainability in the financial arena can be achieved only if water can be properly allocated and priced, with all quantities monitored, and tariffs collected by an organizational unit that has enforcement powers.  Although, the cost of producing and treating wastewater for reuse is rising faster than tariff charges. In the absence of a strong demand management effort, this trend of revenue shortfall will be even more severe when new, more expensive technologies, such as reverse osmosis, are adopted on a wide scale. Besides, debt service and operation and maintenance costs of private-sector developments will further burden tariffs.

Irrigation Methods

Drip irrigation is very common in the area, and beside profitability and probable safe use, is considered the viable option for treated wastewater, and it has many other advantages.  Among these is the application of small amounts of water to a limited soil volume.  The volume of soil wetted by this method is less compared with other methods; also, deep percolation is negligible.  Since the pressurization of the JVA network, most of farms have been using pressurized irrigation techniques. 

The clogging agents in both the KTR and KAC water create some maintenance problem for the farmers in the Jordan Valley. On-farm filter systems are used, but the frequency of failure is high.  Centralized filter systems were installed at the Zagleb weir diversion, but these are no longer functioning, reportedly because back-flushing had to be done too frequently.  Therefore, further efforts in developing and introducing on-farm filter methodologies suitable for the Jordan Valley are needed, and the overall concept of a more centralized filter system needs to be re-evaluated. The use of drip systems with larger emitters (bubblers) may be appropriate for some crops.

Although, there is considerable confusion with regards to the quality of the KTR water, especially amongst the smaller farmers who do not have access to this type of information. Dissemination of the quality information, which is already available (MWI/ARD, 2000), training programs, and increase the public awareness will alleviate this situation.

Land Availability

The cultivable land was estimated at 381 740 ha in 1992, or 4.3% of the total area of the country. In 1991, the total cultivated area was estimated at 214767 ha, which is about 56% of the cultivable area, of which 120077 ha consisted of annual crops and 94690 ha consisted of permanent crops. In addition, each year up to 50000 ha of land can be left fallow due to lack in water resources and fluctuating and unevenly distributed annual rainfall.  Presently, the irrigable area in the Jordan valley is about 31000 ha, but around 5000 ha are not fully irrigated in the south, due to the current lack of water resource.

SUMMARY AND CONCLUSIONS

Irrigation water management in the Jordan Valley, despite considerable efforts in recent years, has much room for improvement. Using recycled water does increase the management challenges, but, in the absence of fresh water sources, the recycled water can be effectively used for sustainable irrigation in the valley. Improved irrigation water management with recycled water, as with fresh water, will result in better agricultural returns.

Irrigated agriculture with recycled water from the As Samra WWTP is sustainable, although the quality of water will have a major impact on cropping patterns presently using fresh water.  The major constituents that constrain irrigated agriculture, other than the microbiological contaminants, are salts in general and specifically chlorides. Any further elevation of these constituents will have a major negative impact in the Jordan Valley. Planned industrial developments in the Zarqa area pose a significant threat to the sustainability of irrigated agriculture in the Middle and Karameh Directorates. This needs to be carefully managed.

Furthermore, further development of industries in this same area that could produce higher levels of heavy metals and trace elements will greatly increase the risk of such constituents becoming a threat to irrigated agriculture when, presently, they are not.

Microbiological contamination of the KTR water reaching the Jordan Valley poses a significant health risk, primarily in the winter months. The prevalence of drip irrigation and the use of plastic mulches reduce the risk of the water coming in contact with the part of the crop that is likely to be eaten raw. However, the present levels of contamination are unacceptable.

The microbiological contamination of the KTR water is only, in part, due to the wastewater treatment plants. Other sources of contamination have resulted in fecal coliform counts in excess of the Jordanian Standards reaching the Jordan Valley one month out of four over the past few years. Restricting cropping patterns in the Jordan Valley to comply with the Jordanian Standards is not realistic. Further disinfection of the water supply once it reaches the valley should be considered. In the short term, minimizing the water supplied from KTR during the wet winter months when microbiological contamination from the highlands is high, would alleviate the problem.

The clogging agents in both the KTR and KAC water create a large maintenance problem for the farmers in the Jordan Valley. On-farm filter systems are used, but the frequency of failure is high. It is reported by the Irrigation Advisory Service that the appropriate media for filters is not available in Jordan. Centralized filter systems were installed at the Zagleb weir diversion, but these are no longer functioning, reportedly because back-flushing had to be done too frequently.

There is considerable confusion with regards to the quality of the KTR water, especially amongst the smaller farmers who do not have access to this type of information. For instance, many farmers still perceive Boron as a threat, and yet others are unaware of the potential harm that chlorides will cause to their key crops or microbiological contamination will cause to them or the general public. Dissemination of the quality information, which is already available, will alleviate this situation.

Case two:  WASTEWATER REUSE IN AQABA CITY

A case in point is the existing Aqaba WWTP, located on the coast of the Gulf of Aqaba at the northern extremity of the Red Sea. This WWTP is now operating at capacity, but the fast-developing Aqaba free trade zone will soon increase the treatment capacity requirements considerably. A major reconstruction project was already completed in late 2004.  The specifications for the new facility call for zero emissions of effluent into the Gulf of Aqaba.  

This requirement has further motivated decision-makers to maximize the use of reclaimed water. In addition to the relatively successful irrigation of date palms with reclaimed water that complies with the Jordan wastewater reuse standards, the intent is to use the reclaimed water to irrigate more date palms, other crops, a golf course, and the urban landscape within the Aqaba city area. Furthermore, industry presents a potential additional demand for the reclaimed water..

The environment in Aqaba is fragile environment and it is a tourist area, therefore, a higher level of treatment (mechanical) was necessary regardless of water reuse requirements. The use of reclaimed water at sites in the immediate vicinity or adjacent to the WWTPs is generally under the jurisdiction of the Water Authority of Jordan (WAJ), which plans, builds, owns, operates and maintains the WWTPs. A number of these sites are pilot projects with some research and limited commercial viability, but more recent projects are aimed at developing more productive use of the water resources while demonstrating public health and environmental protection. Other direct water reuse operations, such as the date palm plantations that receive reclaimed water from the Aqaba WWTP, are separate and viable enterprises. Farmers growing crops in these areas – under special contracts with WAJ – are generally satisfied with the water and continue to renew their contracts.

Jordanian wastewater reuse standards did not allow for the use of sprinkler systems that are required for the golf course and such use is still not allowed under the new standards

Aqaba Wastewater Treatment Plant has been started up on 1987 . It receives the wastewater of the city of Aqaba only . The wastewater discharge to the treatment plant relies on (2) pumping stations . Storm water inflow into the sewerage network is not relevant because annual precipitation in the Aqaba region is very low (50 mm/a) . The total length of the sewerage system is some (210 k .m .) or about (4.1 m) per inhabitant (resident) . 

Beside the wastewater generation by residents sewage is produced to a high extend by the tourist facilities of Aqaba comprising more than (4100 beds.) so , specific wastewater generation is more than (180 1/c/d) related to capita number of residents . Due to high water consumption , the BOD5 – concentration in the raw sewage is relatively low (350 mg BOD5/1) . 

The wastewater stabilization pond system of the treatment plant of Aqaba comprises the following facilities : manual screen , two identical parallel trains of sealed facultative ponds and a maturation ponds . Anaerobic ponds do not exist . A chlorination plant is not available . Since the pond system was put in operation in 1987 , the Facultative Ponds were desludged in 1997 for the first and the only time. Sludge was emptied of the ponds and filled in excavated trenches within the treatment plant and covered by earth .

Reclaimed water in Aqaba Wastewater Treatment Plant (AWWTP) is managed by Aqaba Special Economic Zone Authority (ASEZA) , a contract between The Water Authority of Jordan (WAJ) and (ASEZA) was signed to use reclaimed water discharged from (AWWTP) for landscaping , parks , playgrounds , side of roads … etc. , this  will be implemented after finishing the changing of Aqaba Wastewater Stabilization Ponds (AWWSP) to tertiary treatment , (expected to be changed in 2005) . This will save fresh water for drinking purposes . 

Currently , the social community reuses part of (AWWSP) effluent for irrigating about (1480) donums planted with palms , forests &  fodders. Also a Pilot Project of about (112) donums was planted with fruit trees and irrigated with (AWWSP) reclaimed water . Some of the effluent is evaporated in the facultative , maturation and evaporation ponds .                                        

With respect to technological issues and those related to compliance with the standards of wastewater treatment and reuse are similar to those reported in case one. However, in Aqaba the reuse is more restricted owing to the fact that the reuse is oriented for irrigating date palm and for landscaping and irrigating trees of the main streets of the city where human exposure is more likely to occur. More emphases are put on monitoring the soil, water and crops involved in the reuse system. The soil in Aqaba is sandy soil so in one hand the management of wastewater reuse is different in term of irrigation frequency (rate and time of application) as well as the filtering units are more advanced such as the use of disc filters besides the sand and screen filter to ensure a better quality. On the other hand, managing wastewater irrigation in sandy soil make it easier to manage the leaching of excess water applied from the cultivated soil profile. Since the soils are adjacent to the sea, determining the accurate rate of applied wastewater is very important to avoid overirrigation to avoid reaching the leached water into the ground water and sea. 
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Review and update the reuse standards

As was reported in task 4 Jordan started to put regulations on wastewater reuse back in 1982. The first regulation was issues in the form of Martial Law which was very restricted and prevented the reuse of the effluent for agriculture. A more liberal and less restricted martial low was issued in 1988 which allowed the reuse of the treated wastewater for irrigating forestry and non edible agricultural crops. The first non-martial Jordanian standards for wastewater reuse was issued by the Ministry of Water and Irrigation (MWI) in 1995 which was given the number of 893 in 1995 (JS 893, 1995). The latest (third) version of the standards was given the number of 893 (JS 893, 2002). In 2003, a National Coordination Committee was formed and supervised by the MWI to periodically revise and update the standards for various qualities of water resources. So far the standards of 2002 has not yet been updated or modified. The followings are the standards of 1995 and of 2002 for comparison and evaluation. 
The Jordan Standard numbers 893 (JS #893) of the year 1995 for treated wastewater disposal.

	Fodder Crops
	Park
	Aqua Culture
	Ground Water Recharge
	Flow to Wadis   and Water Bodies
	Fruit and Forest Trees and Industrial and Cereal Crops
	Cooked Vegetables
	Quality Parameter, mg/L Except as

otherwise indicated

	<250
	<50
	………
	<50
	<50
	<150
	<150
	BOD

	<700
	<200
	………
	<200
	<200
	<500
	<500
	COD

	>1
	>2
	>5
	>2
	>2
	>2
	>2
	DO

	<2000
	<2000
	<2000
	<1500
	<2000
	<2000
	<2000
	TDS

	<250
	<50
	<25
	<50
	<50
	<200
	<200
	TSS

	6.0   -   9.0
	6.0   -   9.0
	6.5  -   9.0
	6.0  -  9.0
	6.0  -  9.0
	6.0  -  9.0
	6.0 – 9.0
	PH

	………
	<75
	………
	<75
	<75
	………
	………
	Color (unit)

	<12
	<8
	<12
	Absent
	<8
	<8
	<8
	FOG

	<0.002
	<0.002
	<0.001
	<0.002
	<0.002
	<0.002
	<0.002
	Phenol 

	<50
	<15
	<0.2
	<15
	<25
	<50
	<50
	MBAS

	<50
	<25
	………
	<25
	<25
	<50
	<50
	NO3-N

	………
	<50
	0.02  -  0.5
	<15
	<15
	………
	………
	NH4-N

	………
	<75
	………
	<50
	<50
	<100
	<100
	Totl –N

	………
	<15
	………
	<15
	<15
	………
	………
	PO4 –P

	<350
	<350
	………
	<350
	<350
	<350
	<350
	Cl

	<1000
	<1000
	………
	<1000
	<1000
	<1000
	<1000
	SO4

	<6
	<6
	………
	<6
	<6
	<6
	<6
	CO3

	<520
	<520
	………
	<520
	<520
	<520
	<520
	HCO3

	<230
	<230
	………
	<230
	<230
	<230
	<230
	Na

	<60
	<60
	………
	<60
	<60
	<60
	<60
	Mg

	<400
	<400
	………
	<400
	<400
	<400
	<400
	Ca

	<9
	<12
	………
	<9
	<9
	<9
	<9
	SAR

	<5
	<5
	………
	<1
	<5
	<5
	<5
	Al

	<0.1
	<0.1
	<0.05
	<0.05
	<0.05
	<0.1
	<1
	As

	<0.1
	<0.1
	0.011  -  1.10
	<0.1
	<0.1
	<0.1
	<0.1
	Be


Continue JS# 983 1995

	Fodder Crops
	Parks
	Aqua Culture
	Ground Water Recharge
	Flow to Wadis   and

Water Bodies
	Fruit  and

Forest Trees and Industrial and

Cereal Crops
	Cooked Vegetables
	Quality Parameter mg/L Except as otherwise indicated

	<0.2
	<0.2
	0.01  -  0.04
	<0.2
	<0.2
	<0.2
	<0.2
	Cu

	<1.0
	<1.0
	1.5
	<1.0
	<1.0
	<1.0
	<1.0
	F

	<5.0
	<5.0
	0.5
	<1.0
	<2.0
	<5.0
	<5.0
	Fe

	<5
	<3
	…………..
	<1
	<1
	0.07  -  5.0
	<2.5
	Li

	<0.2
	<0.2
	1
	<0.2
	<0.2
	<0.2
	<0.2
	Mn

	<0.2
	<0.2
	0.05  -  0.4
	<0.2
	<0.2
	<0.2
	<0.2
	Ni

	<5.0
	<0.1
	0.004  -  0.15
	<0.1
	<0.1
	<5.0
	<5.0
	Pb

	<0.02
	<0.02
	0.05
	<0.02
	<0.02
	<0.02
	<0.02
	Se

	<0.01
	<0.01
	0.0004-0.015
	<0.01
	<0.01
	<0.01
	<0.01
	Cd

	<2
	<2
	0.05  -  0.6
	<15
	<15
	<2
	<2
	Zn

	<0.1
	<0.1
	0.005
	<0.1
	<0.1
	<0.1
	<0.1
	Cn

	<0.1
	<0.1
	0.1
	<0.05
	<0.05
	<0.1
	<0.1
	Cr

	<0.001
	<0.001
	0.00005
	<0.001
	<0.001
	<0.001
	<0.001
	Hg

	<0.1
	<0.1
	…………..
	<0.1
	<0.1
	<0.1
	<0.1
	V

	<0.05
	<0.05
	…………..
	<0.05
	<0.05
	<0.05
	<0.05
	Co

	<3.0
	<3.0
	…………..
	<1.0
	<2.0
	<1.0
	<1.0
	B

	<0.01
	<0.01
	…………..
	<0.01
	<0.01
	<0.01
	<0.01
	Mo

	…………..
	<200
	<10000
	<1000
	<1000
	…………..
	<1000
	TFCC*

	…………..
	…………..
	<100000
	…………..
	…………..
	…………..
	…………..
	Salmonella *

	 
	…………..
	…………..
	…………..
	…………..
	…………..
	<1
	Amaebae&Gardia

	<1
	<1
	…………..
	…………..
	<1
	…………..
	<1
	Nematodes **


*     MPN/100 ml.             **    Eggs

The latest Jordanian standards for reclaimed domestic wastewater (JS 893 2002), 

Third edition
The Administrative Council for The Institution for Standards and Metrology agree in its meeting number 7/2002 held on 5/8/2002 the approval of the standard specification number 893/2002 as a technical mandatory base that is considered valid since 16/1/2003 in accordance to the authorities delegated to him by article number 8 paragraph B of The Institution for Standards and Metrology law No. 22/2000.
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Introduction

The Institution for Standards and Metrology is the national entity responsible for Issuing standards in Jordan. Standards are set by technical committees formulated by The Institution for Standards and Metrology from members representing main parties concerned with the subject. All concerned parties have the right to express their opinion and comments on the final draft of the subject standard during the notification period in order to make the Jordanian standards in harmony with international standards, to alleviate any technical boundaries facing trade and to facilitate flow of commodities between countries.

Based on this, the permanent technical committee for water and wastewater No.17 has set the Jordanian Standard 893/1995 dealing with “Water-Reclaimed Domestic Wastewater” and recommended its approval as a Jordanian Technical base No. 893/2002 in accordance with article (11) paragraph (b) of the Standards and Metrology Law No. 22 for the year 2000.

Water: Reclaimed Domestic Wastewater

1.
  Scope

This Jordanian standard is purposely set to specify the conditions that the reclaimed domestic wastewater discharged from wastewater treatment plants should meet in order to be discharged or used in the various fields mentioned in this standard.

2. Standard References

The following standard references become conditions of this standard when referenced. When a documented reference is dated, the amendments after that date do not apply despite the fact that any contractual party depending on these references recommends using the latest edition of the listed references.  In the case that the reference is not dated then the latest edition would prevail.  The library at the Institute for Standards and Metrology contains current standards.

· Standard Methods for the Examination of Water and Wastewater APHA. 1998

· Health Guidelines for the Use in Agriculture and Aquaculture, WHO. 1989.

3. Definitions:

The following definitions are used for the purpose of this standard:

3-1
Domestic wastewater

Is the water produced from domestic usages and it could contain industrial wastewater that comply in terms of quality to the ordinance issued by the official parties for the connection to the public sewer system.

3-2
Reclaimed Water

Is the treated wastewater to be reused according to the conditions of this standard provided it is not mixed with water from other sources.

3-3
landscape Areas

Is the green areas intended to be used for decoration and landscaping and not for recreational purposes.

3-4
Mechanical Treatment Systems

Systems that use mechanical processes for treating water such as the activated sludge system, the rotating biological contactors system, the biological filters system, and others.

3-5
Natural Treatment Systems

Systems that use natural processes for treating water by using aerobic or anaerobic ponds, maturation ponds or others.

3-6
Disinfection

Is a process for the removal or reduction of pathogenic and indicator microorganisms that can be found in the water by using disinfectants such as chlorine or chlorine dioxide or ultraviolet rays or the ozone or any other disinfectant approved by the official parties.

3-7 Industrial Crops

Crops used for industrial purposes such as wood trees and olive trees

3-8 Field Crops

Crops that are planted on large areas and harvested once a year and includes:

3-8-1 Forages

Crops planted in order to utilize its vital aggregate (stems and roots) such as berseem, sweet corn, sudan grass, Alfa Alfa, …..

3-8-2 Grains

Crops planted for its high content  of carbohydrate and used in the nutrition of humans and animals and includes wheat, barely, oats, corn (white).

3-8-3 Legumes

Crops planted to utilize its seeds after drying such as lintel. fenugreek and lupine.

3-8-4 Fibers

Crops planted in order to utilize its fibers such as cotton and linseed.

3-8-5 Oils

Crops planted to produce oil such as sesame, soya bean and olives.

3-8-6 Sugar

Crops planted to produce sugar such as sugar beet and sugarcane.

3-9 Cooked Vegetables

Vegetables that are usually eaten after cooking and includes: eggplant, squash, beans, cornflower, potato, okra, pees, broad beans, turnip, spinach, jew’s mallow, artichoke.

3-10 Uncooked Vegetables

Vegetables that are usually eaten raw and includes the following: tomato, cucumber, Egyptian cucumber, pepper, cabbage, onion, carrot, radish, lettuce, parsley, mint, rocket (watercress), coriander, purslane, strawberry,  watermelon and cantaloupe.

4. General Requirements: 

4-1 The Reclaimed Domestic Wastewater standard has two primary components 

a) Reclaimed water discharged to streams, wadis or water bodies.

b) Reclaimed water for reuse.
4-2
Reclaimed water must comply with the conditions stated in this standard for each of its planned end uses.

4-3 
It is not permitted to dilute or mix reclaimed water discharged from wastewater treatment plants with pure water intentionally to comply with the requirement set in this standard.

4-4
Should reclaimed water be used for purposes other than those mentioned in this standard (such as for cooling or for fire distinguishing), special standards or guidelines are to be applied in each case after conducting the necessary studies taking into consideration the health and environmental dimension.

4-5 Official and specialized concerned parties overseeing the operation and development of wastewater treatment plants must always work towards improving the effluent quality to levels, maybe, exceeding those presented in this standard to ideally use the reclaimed water and protect the environment.

5. Standard Requirements: 

5-1 Reclaimed Water to be discharged to streams, wadis or water bodies.

5-1-1 It is allowed to discharge reclaimed wastewater to streams or wadis or water bodies when its quality complies with the properties and criteria mentioned in table (1) and it is prohibited to discharge it into wadis draining to the gulf of Aqaba.

5-1-2 When reclaimed water passes on areas that are above or leading to ground water aquifers, measures must be taken to prevent the leakage of the reclaimed water to ground waters.

5-1-3 When discharging reclaimed water to streams, wadis or water bodies that are in direct contact with the public it is preferred to use any of the suitable types of disinfectants to protect the public health. When Chlorine is used, the free residual chlorine concentration shall not exceed 1 mg/l.

5-1-4 Natural treatment plants are permitted to exceed the specified values for E Coli numbers when water is discharged to wadis leading to storage dams where the water is stored and used totally for irrigation purposes.  In the event that this water is used prior to reaching the dam, then the criteria specified for the reclaimed wastewater for the purpose of reuse and according to the nature of the end use must be applied.

Table 1 – Allowable limit for properties and criteria for discharge of water to streams or wadis or water bodies

	Parameters
	Abbreviation
	Unit
	Allowable Limit

	Group A
	

	Biological Oxygen Demand
	BOD5
	mg/l
	60*

	Chemical Oxygen Demand
	COD
	mg/l
	150**

	Dissolved Oxygen 
	DO
	mg/l
	>1

	Total suspended solids
	TSS
	mg/l
	60**

	PH
	pH
	mg/l
	6-9

	Nitrate
	NO3
	mg/l
	45

	Total Nitrogen
	T-N
	mg/l
	70

	Escherishia Coli
	E. coli

	Most probable number or colony forming unit/100 ml
	1000

	Intestinal Helminthes Eggs
	Intestinal Helminthes Eggs
	egg/l
	< or =1

	Fat and grease
	FOG
	mg/l
	8.0


Table 1. Continued

	Parameters
	Abbreviation
	Unit
	Allowable Limit

	Group B
	

	Phenol
	Phenol
	mg/l
	<0.002

	Detergent
	MBAS
	mg/l
	25

	Total Dissolved Solids
	TDS
	mg/l
	1500

	Total Phosphate
	T-PO4
	mg/l
	15

	Chloride
	Cl
	mg/l
	350

	Sulfate
	SO4
	mg/l
	300

	Bicarbonate
	HCO3
	mg/l
	400

	Sodium
	Na
	mg/l
	200

	Magnesium
	Mg
	mg/l
	60

	Calcium
	Ca
	mg/l
	200

	Sodium Adsorption Ration
	SAR
	-
	6.0

	Aluminium
	Al
	mg/l
	2.0

	Arsenic
	As
	mg/l
	0.05

	Berelium
	Be
	mg/l
	0.1

	Copper
	Cu
	mg/l
	0.2

	Floride
	F
	mg/l
	1.5

	Iron
	Fe
	mg/l
	5.0

	Lithium
	Li
	mg/l
	2.5

	Manganese
	Mn
	mg/l
	0.2

	Molibdinum
	Mo
	mg/l
	0.01

	Nikel
	Ni
	mg/l
	0.2

	Lead
	Pb
	mg/l
	0.2

	Selenium
	Se
	mg/l
	0.05

	Cadmium
	Cd
	mg/l
	0.01

	Zinc
	Zn
	mg/l
	5.0

	Chrome
	Cr
	mg/l
	0.02

	Mercury
	Hg
	mg/l
	0.002

	Vanadium
	V
	mg/l
	0.1

	Cobalt
	Co
	mg/l
	0.05

	Boron
	B
	mg/l
	1.0

	Cyanide
	CN
	mg/l
	0.01

	* For biological Treatment Plants or Treatment plants with polishing ponds BOD5  is considered as the filtered BOD 
** For biological Treatment Plants or Treatment plants with polishing ponds the allowable limits is twice this number 


5-2 Reclaimed Water for reuse

This part of the standard consists of reusing reclaimed water for artificial recharge of groundwater aquifers and for irrigation purposes.

5-2-1 Reuse for the purpose of artificial recharge of groundwater aquifers. 

Reuse of reclaimed water for the purpose of artificial recharge of groundwater is allowed if its quality complies with the criteria mentioned in Table 2.

5-2-1-1 It is not permitted to artificially recharge ground water aquifers used for drinking purposes.

5-2-1-2 Technical studies must be performed before using reclaimed water for artificial recharge of groundwater aquifers used for irrigation purposes to verify that there is no effect on groundwater aquifers used for drinking purposes.

Table 2 – Allowable Limit for properties and criteria for use in artificial groundwater aquifers

	Parameters
	Abbreviation
	Unit
	Allowable Limit

	Group A
	

	Biological Oxygen Demand
	BOD5
	mg/l
	15

	Chemical Oxygen Demand
	COD
	mg/l
	50

	Dissolved Oxygen 
	DO
	mg/l
	>2

	Total suspended solids
	TSS
	mg/l
	50

	pH
	PH
	mg/l
	6 – 9

	Turbidity
	
	NTU
	2

	Nitrate
	NO3
	mg/l
	30

	Ammonia
	NH4
	
	5.0

	Total Nitrogen
	T-N
	mg/l
	45

	Escherishia Coli
	E. coli

	Most probable number or colony forming unit/100 ml
	<2.2

	Intestinal Helminthes Eggs
	Intestinal Helminthes Eggs
	Egg/l
	< or =1

	Fat and grease
	FOG
	mg/l
	8.0


Table 2. Continued

	Group B
	

	Phenol
	Phenol
	mg/l
	<0.002

	Detergent
	MBAS
	mg/l
	25

	Total Dissolved Solids
	TDS
	mg/l
	1500

	Total Phosphate
	T- PO4
	mg/l
	15

	Chloride
	Cl
	mg/l
	350

	Sulfate
	SO4
	mg/l
	300

	Bicarbonate
	HCO3
	mg/l
	400

	Sodium
	Na
	mg/l
	200

	Magnesium
	Mg
	mg/l
	60

	Calcium
	Ca
	mg/l
	200

	Sodium Adsorption Ration
	SAR
	mg/l
	6.0

	Aluminium
	Al
	-
	2.0

	Arsenic
	As
	mg/l
	0.05

	Berelium
	Be
	mg/l
	0.1

	Copper
	Cu
	mg/l
	0.2

	Floride
	F
	mg/l
	1.5

	Iron
	Fe
	mg/l
	5.0

	Lithium
	Li
	mg/l
	2.5

	Manganese
	Mn
	mg/l
	0.2

	Molibdinum
	Mo
	mg/l
	0.01

	Nikel
	Ni
	mg/l
	0.2

	Lead
	Pb
	mg/l
	0.2

	Selenium
	Se
	mg/l
	0.05

	Cadmium
	Cd
	mg/l
	0.01

	Zinc
	Zn
	mg/l
	5.0

	Chrome
	Cr
	mg/l
	0.02

	Mercury
	Hg
	mg/l
	0.1

	Vanadium
	V
	mg/l
	0.1

	Cobalt
	Co
	mg/l
	0.05

	Boron
	B
	mg/l
	1.0

	Cyanide
	CN
	mg/l
	0.01


5-2-2 Reclaimed water reuse for Irrigation

5-2-2-1 The item concerned with reclaimed water reuse for irrigation purposes consists of two main groups; standards group and guidelines group:

· Standards group: is the group of properties and standards that are presented in Table 3 and where operating parties must produce water complying to it and according to the usages mentioned in this standard.

· Guidelines group: The guidelines group shown in Table 4 is considered for guidance only and in case of exceeding it values  the end user must carry out scientific studies to verify the effect of that water on public health and the environment and suggest ways and means to prevent damage to either.

5-2-2-2 It is prohibited to use reclaimed water for irrigating vegetables that are eaten uncooked (raw).

5-2-2-3 It is prohibited to use sprinkler irrigation except for irrigating golf courses and in that case irrigation should practiced at night and the sprinklers must be of the movable type and not accessible for day use.

5-2-2-4 When using reclaimed water for irrigating fruit trees, irrigation must be stopped two weeks prior to fruits harvesting and any falling fruits in contact with the soil must be removed.

Table 3 – Allowable Limit for properties and criteria for reuse in irrigation 

	Allowable limits per end use

	Parameter
	Unit
	Cooked Vegetables, Parks, Playgrounds and  Sides of Roads within city limits 
	Fruit Trees, Sides of Roads outside city limits, and landscape
	Field Crops, Industrial Crops and Forest Trees

	
	A
	B
	C

	Biological Oxygen Demand
	mg/l
	30
	200
	300

	Chemical Oxygen Demand
	mg/l
	100
	500
	500

	Dissolved Oxygen 
	mg/l
	>2
	-
	-

	Total suspended solids
	mg/l
	50
	150
	150

	pH
	Unit
	6-9
	6-9
	6-9

	Turbidity
	NTU
	10
	-
	-

	Nitrate
	mg/l
	30
	45
	45

	Total Nitrogen
	mg/l
	45
	70
	70

	Escherishia Coli
	Most probable number or colony forming unit/100 ml
	100
	1000
	-

	Intestinal Helminthes Eggs
	Egg/l
	< or = 1
	< or = 1
	< or = 1


Table 4 – Guidelines for Reuse in Irrigation 

	Group B
	

	Fat And grease
	FOG
	mg/l
	8

	Phenol
	Phenol
	mg/l
	<0.002

	Detergent
	MBAS
	mg/l
	100

	Total Dissolved Solids
	TDS
	mg/l
	1500

	Total Phosphate
	T-PO4
	mg/l
	30

	Chloride
	Cl
	mg/l
	400

	Sulfate
	SO4
	mg/l
	500

	Bicarbonate
	HCO3
	mg/l
	400

	Sodium
	Na
	mg/l
	230

	Magnesium
	Mg
	mg/l
	100

	Calcium
	Ca
	mg/l
	230

	Sodium Adsorption Ration
	SAR
	-
	9

	Aluminium
	Al
	mg/l
	5

	Arsenic
	As
	mg/l
	0.1

	Berelium
	Be
	mg/l
	0.1

	Copper
	Cu
	mg/l
	0.2

	Floride
	F
	mg/l
	1.5

	Iron
	Fe
	mg/l
	5.0

	Lithium
	Li
	mg/l
	2.5(0.075 for citrus crops)

	Manganese
	Mn
	mg/l
	0.2

	Molibdinum
	Mo
	mg/l
	0.01

	Nikel
	Ni
	mg/l
	0.2

	Lead
	Pb
	mg/l
	5.0

	Selenium
	Se
	mg/l
	0.05

	Cadmium
	Cd
	mg/l
	0.01

	Zinc
	Zn
	mg/l
	5.0

	Chrome
	Cr
	mg/l
	0.1

	Mercury
	Hg
	mg/l
	0.002

	Vanadium
	V
	mg/l
	0.1

	Cobalt
	Co
	mg/l
	0.05

	Boron
	B
	mg/l
	1.0

	Cyanide
	CN
	mg/l
	0.01


6- Quality Monitoring

6-1 The Wastewater Treatment Plant Owner Party must ensure that the reclaimed water quality complies to the standards and according to its end use. And must carry out the required laboratory tests and document results in official logbooks and present them whenever requested by the governmental monitoring parties.

6-2 The operating party must take composite samples every 2 hr for a period of 24 hrs in accordance with the frequency indicated in Table 5.  Monitoring parties can collect samples in any way found suitable.
6-3 The frequency of collecting samples for both the operating and monitoring parties is as indicated in Table 5.
6-4 Collecting, preserving, transporting and analyzing samples will be as stated in the Standard Methods for the Examination of Water and Wastewater issued by APHA and the federal American Association for Water Research and Pollution Control and any of its amendments or any other approved method if it is not mentioned in the above mentioned reference.

6-5 For natural treatment plants or for mechanical treatment plants with polishing ponds BOD5 is calculated after filtration step.

6-6 In evaluating the quality of reclaimed water geometric mean is used for calculation of Thermotolerant coliforms or Escherichia coli results.

6-7 In evaluating the content of reclaimed water for total Nitrogen, the Geometric mean is used provided that at least 5 samples are included in the calculation.

6-8 Results of the Thermotolerant coliforms can replace those of the Escherichia coli when the Escherichia coli test cannot be performed due to the absence of technical capabilities.

6-9 When there is a need to define a standard value for a criterion not mentioned in this Standard then the Institution for Standards and Metrology must be contacted to take the proper action.

6-10 In case of epidemics the monitoring and operational parties must investigate the presence of intestinal pathogenic microorganisms that may be found in the water.

7- Evaluation Mechanism



7-1 For the purpose of evaluating the quality of reclaimed water as per the different uses mentioned in this standard the periods shown in Table 5 are approved.

7-2 When any value violate the standards set for discharge of reclaimed water to streams, wadis or water bodies an extra-confirmatory sample must be taken. If the two samples exceeded the allowable standard limits the concerned party will be notified in order to conduct the necessary correction measures in the shortest possible time. And if the violation persist for more than 3 months then the reuse of reclaimed water for that purpose should be stopped until the water quality stabilized.

Table 5 - Number of Reclaimed Water Samples to be collected for the purpose of quality control and evaluation, and the required chemical, physical and biological analysis to be done on the samples

	Treatment Plants
	Sampling Frequency
	Evaluation Period

	Type
	Operating Party
	Monitoring Party
	

	Mechanical
	· Routine Tests: 8 samples / month (composite)

· Physical & Chemical Properties: 3 samples /day (grab)

· Intestinal Helminthes Eggs: 4 samples/month (composite)

· Escherichia coli: 8 samples/month (grab)
	· Routine Tests: 2 samples/month

· Physical & Chemical Properties: 2 samples /month

· Intestinal Helminthes Eggs: 2 samples /month

· Escherichia coli: 2 samples /month


	3 months*

	Natural
	· Routine Tests: 4 samples / month (composite)

· Physical & Chemical Properties: 3 samples /day (grab)

· Intestinal Helminthes Eggs: 2 samples/month (composite)

· Escherichia coli: 4 samples/month (grab)
	· Routine Tests: 1 samples / month 

· Physical & Chemical Properties: 1 samples /month

· Intestinal Helminthes Eggs: 1 samples/month 

· Escherichia coli: 1 samples/month 
	6 months**

	· Routine Tests: T-N, NH4, TSS, COD, BOD5, NO3

· Physical & Chemical Properties: pH, DO, RCL2, Turbidity, Temperatur
* According to seasons (Dec – Feb) , (Mar – May), (Jun – Aug), (Sep – Nov)

** Winter and Summer (Summer: Start of May – Oct, Winter: Start of Nov – Apr)


In addition, a proposal for Jordanian Irrigation Water Quality Guidelines has been developed by an interdisciplinary working group consisting of: Ministry of Water and Irrigation (MoWI), Jordan Valley Authority (JVA), Water Authority of Jordan (WAJ), Ministry of Health (MoH), Ministry of Agriculture (MoA), University of Jordan and National Center for Agricultural Research and Technology Transfer (NCARTT). German Technical Cooperation (GTZ) served as facilitator.

These guidelines deal more specifically with irrigation water in general that might originate from (brackish) groundwater, wells, springs or surface water and that can be used in unrestricted irrigation. The irrigation water might also contain partially reclaimed water (treated municipal wastewater). However, if non-diluted treated municipal wastewater is directly used for irrigation in special areas, these Irrigation Water Quality Guidelines are not applicable and the Jordanian Standard “Reclaimed Domestic Wastewater” JS 893/2002 has to be applied. 

Since the suitability of water for irrigation depends also on various soil, plant, climatic conditions and different agricultural practices and technologies, universal guidelines can not be used for all cases.

It was suggested that Irrigation with water that does not comply with these proposed  Irrigation Water Quality Guidelines might to problems related to quality of agricultural products and therefore to marketing and exporting potential of fresh fruit and vegetables, in addition to sequence possible negative impacts on groundwater, soils and human or animal health.

Therefore, it was recommended to comply with these guidelines in a regular basis and to keep monitoring the physical, chemical and microbiological parameters. 

References:

GERMAN TECHNICAL COOPERATION (GTZ) / JORDAN VALLEY AUTHORITY (JVA): Brackish Water Project (2003): Guidelines for brackish water irrigation in the Jordan Valley, Amman / HK of Jordan

Reclaimed Water Project (RWP): Irrigation Water Quality Guidelines - June 2004




Impact of EC, SAR, B and pathogens in irrigation water on plants, soils, groundwater and human health
Abbreviations: 

0  = no problems;  pp   = problems possible;  ---  = problems  column 

“Plants”:
1  = Salt tolerant;  2     = Salt semi tolerant;   3     = Salt sensitive column

	
	Plants
	Soils
	Groundwater
	Human health
	Remarks

	
	1
	2
	3
	1
	2
	3
	
	
	

	EC [dS/m]
	

	< 1.7
	0
	0
	0
	0
	0
	0
	0
	0
	flushing required to avoid problems



	1.7 – 3.0
	0
	0
	pp
	0
	0
	pp
	pp
	0
	

	> 3.0
	0
	pp
	---
	0
	pp
	---
	---
	0
	

	SAR
	

	< 3

3 - 6

6 – 9
	0

0

pp
	0

0

pp
	0

0

---
	0

0

pp
	0

0

---
	0

0

---
	0

0

0
	0

0

0
	-

	
	
	
	
	
	
	
	
	
	problems, if no flushing

	B [mg/l]
	
	
	

	0.5 - 0.75
	0
	0
	0
	0
	0
	0
	0
	0
	-

	0.75 – 1
	pp
	 pp
	pp
	0
	0
	0
	0
	0
	problems expected only for plants according to their Boron sensitivity 



	1 – 2
	pp
	pp
	pp
	0
	0
	0
	0
	0
	

	2 – 4
	pp
	pp
	pp
	0
	0
	0
	0
	0
	

	4 – 6
	pp
	pp
	pp
	0
	0
	0
	0
	0
	

	6 – 15
	pp
	pp
	pp
	0
	0
	0
	0
	0
	

	Pathogens
	

	Faecal coliforms
	0
	0
	0
	0
	0
	0
	0
	pp
	see hints in guideline

	Intest. Nematodes
	0
	0
	0
	0
	0
	0
	0
	pp
	


“Soils”:
1  = sandy;            2     = loamy sandy;          3      = loamy clayey
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