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Consequence model of contamination of ammonia in sewage wastewaterR. F. Alicia, S. Syafiie *
Department of Chemical and Environmental Engineering, University Putra Malaysia, Serdang, Malaysia

Abstract: The paper present the comparison study of consequence modeling of ammonia toxic dispersion distancecalculated using PHAST software before and after ammonia removal treatment by means of magnetic biochar as anadsorbent. Each sample were tested using Ultra Violet (UV) Visible Spectrometer, where absorbance rate andwavelength are the parameters used to develop a linear calibration curve graph using ammonia stock solution tocalculated ammonia concentration for the samples collected. An equation of y = 0.0101x + 0.1570 were developed.At each sample point four collections were done for accuracy purpose.   Every 100ml of samples collected fromCompany ‘X’ underwent ammonia removal treatment where the samples were agitated at a constant speed of120rpm for 120 min using 0.5g of magnetic biochar. Approximately an average of 67% of ammonia was removedfrom all the four sample points. Toxic dispersion distance for sample point 1 which is the nearest to residential areawere reduced to 4.37m with 76% drop while for sample point 2, 3.86m of dispersion distance has been reduced.Dispersion distance for sample point 4 reduced up to 3.97m and finally which has the highest concentration ofammonia, reduces up to 4.17m of dispersion distance. Hazard of ammonia to the surrounding vicinity is reduced toan average 67% for all the sample points. The removal of ammonia using magnetic biochar as an adsorbent hasproven to reduce of ammonia to nearby residences. Higher the removal percentage, higher the reduction ofdispersion distance therefore reduces the hazard of ammonia to the surrounding vicinity.
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1. Introduction

*Risks of hazard of ammonia from sewage wastewater effluent are very high among the residenceresiding nearby the sewage treatment plant. Besidesthat, it is also hazardous to flora and fauna along thedischarged path and its final flow to the river.Sewage treatment plant near residential area wherethe final effluent will pass by the drainage before itreaches the final discharge point which typically willbe the nearest river.Thus, the hazard of ammonia is exposed along thepath of the residential area which could lead themseveral health complications such as eye irritation,skin burn. By using software called PHAST, we candetermine the initial hazard consequence diagramamong the residences based on dispersioncalculation (Hubisz et al., 2010) then compared itafter treatment using magnetic biochar as anadsorbent via absorption process. PHAST softwareare widely used to calculate and produce report forvarious functions such as Jetfire, fire pool, toxicdispersion, fire dispersion model and dischargepoint (Zhou et al., 2011). For this purpose of thisstudy, toxic dispersion model will be used. Theprocess of ammonia removal is based on speed of themixer, agitation time and quantity of the adsorbent.Based on literature review, magnetic biochar isexpected to remove approximately 99% of ammonia
* Corresponding Author.

from sewage wastewater effluent (Mubarak et al.,2013a). Hazard consequences among the residencenear by the sewage treatment plant will be reduceddrastically.
2. Material and methodMagnetic biochar was obtained from university ofMalaya produced from empty fruit brunch. A stocksolution which will act as the synthesis wastewatersample was prepared by using dilution methodwhere ammonia solution was set at 1.0 mg/l. Basedon the research done (Mubarak et al., 2013b), it wasconcluded 120 rpm and 120 minutes was set foragitation speed and agitation time, while adsorbentdosage at 0.09 grams was the best optimizedcondition in the removal of ammonia. PHAST wasused to develop the consequence model of beforeand after ammonia removal.
3. Results and discussion

3.1. Overview of sampling point

Four different samples were taken from company‘X’ sewage treatment plant as in Fig. 1. Distancebetween the sewage treatment plant and the nearestresidential area is approximately 10 meters while
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the drainage that transports the effluent to thenearest river is about five meters away from thecorner lot house. Sample was taken at every meter asthe total length of the final effluent chamber is about20 meters.

Fig. 1: Sampling point and distance of the residential areato the sewage treatment plant
3.2. Ammonia concentration and absorbance
(analysis from UV spectrometer)

UV Spectrometer was used to measureabsorbance and the UV light wavelength wave of asample. The wavelength that was selected for thisstudies was with the range of 200nm to 450nm(”Instrument Ownership Data Series.”2010). Fivecalibration samples (10mg/L, 20 mg/L, 30 mg/L, 40mg/L and 50 mg/L) were prepared and testedincluding the blank as first level. Based on thehighest peak of wavelength for each calibrationsample read by the spectrometer, a graph wasplotted as a standard graph. This graph will identifythe concentration of sewage effluent sample beforeand after treatment. Fig. 2 shows that at the highestconcentration, the absorbance rate is higher than atthe lowest concentration of ammonia. Absorbancerate will be higher when organic solution in thesample is high as there are more turbidity andobstacles for UV light to pass through the sample.

Fig. 2: Calibration linearity curve of absorbance Vs ammonia concentrationBased on Fig. 3, point one is the end point of thefinal effluent chamber where the concentration isslightly lesser. Concentration of ammonia at thatpoint is lesser compared to point four because thereare minor dilution. As the final effluent chamber isapproximately 30m3 with 20 meter length, theexisting effluent will always be mixed with the newfinal effluent discharged to the final chamber. Fromthe above graph, as the wavelength increases, the

absorbance rate becomes lower. Absorbance of asample will be proportional to the number ofabsorbing molecules which are ammonia. Usuallywavelength below 200nm will not be able to bedetected it is not stable below that point. Initialabsorbance at 433nm before treatment is 0.06absorbance rate while after treatment is 0.03 ofabsorbance rate. This show about 59% ofabsorbance rate for after treatment.

Fig. 3: Adsorbent Vs Wavelength for point one
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Fig. 4: Adsorbent Vs Wavelength for point twoFig. 4 shows that the absorbance rate of sample atpoint two. Comparing graph from sample point oneand two, the absorbance rate is higher at samplepoint two with 14.8% of different. At higherconcentration of ammonia in form of nitrogen atoms,the absorbance is lower as there are more moleculesof nitrogen to be absorbed by UV light. At 433nm theabsorbance rate is 0.07 before treatment usingmagnetic biochar while 0.02 of absorbance rate for

after treatment. While at 225nm the absorbance rateis at 0.70 before treatment and 0.23 after treatment.This shows about 60% of absorbance rate for aftertreatment. This shows a good absorbance rate, as theconcentration of ammonia becomes lesser, theabsorbance rate decreases as well.

Fig. 5: Adsorbent Vs wavelength point threeFig. 5 shows the absorbance rate of the thirdsample point, from sample point one and two; thedifference of absorbance rate at 225nm isapproximately 17%. At 433nm the absorbance ratefor before treatment is at 0.07 while after treatmentis above 0.03. While at 325nm absorbance ratebefore treatment is 0.13 while after treatment is0.05. The percentage different is 62%. Once

wavelength reach 333nm, the absorbance rateremains constant where the UV could not detect anyinteraction between UV light and sample. Theultraviolet electronic absorption is caused by theinteraction of light with electrons in the valenceband of the ammonia molecule (Burton et al., 1993).

Fig. 6: Adsorbent Vs wavelength point fourFig. 6 shows the sample point number four whichis the nearest from the treatment process to finaleffluent chamber where the mixing to existingeffluent is tentatively lesser compared to the othersample point especially sample point four. From the
graph it can be interpreted that absorbance rate ofbefore and after treatment is about 60%. At 225nm,the absorbance rate for before treatment and aftertreatment is 0.77 and 0.31 respectively. While at433nm, absorbance rate before treatment is 0.08
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and 0.03 for after treatment. Comparing absorbancerate for sample one and sample four, the percentagedifference of absorbance is about 12.9%. Absorbancerate is at the highest peak for sample point four asthat is where ammonia is most concentrated.Magnetic biochar has exhibit as a good adsorbent forthe removal of ammonia in sewage wastewater.Smaller particles of magnetic with larger surfacearea exhibit better sorption capacity compared tosmaller surface area (Zheng et al., 2010)
3.3. Analysis of dispersion rate for before and
after ammonia removal treatmentBased on Fig. 4.2, Calibration linearity curve ofAbsorbance Vs Ammonia Concentration,concentration of ammonia before and aftertreatment can be determined. Based on the equationgenerated from the linear graph, ammoniaconcentration is identified. Using theseconcentrations of ammonia in mg/L, PHASTsoftware can develop a dispersion report based onthe wind speed. Since company “X” is located at ShahAlam the wind speed is at 3.13 m/s. Based on thearea wind stability, neutral – little sun and wind orovercast/windy night.Equation from Fig. 3 as below:y = 0.0101x + 0.157 (1)x= (y - 0.157)/0.0101 (2)Where,x= Concentration of ammonia (mg/L)y= Absorbance

Table 1: Average concentration result of sample point onetill sample point fourSample Point BeforeTreatment(mg/L) AfterTreatment(mg/L) RemovalPercentageOne 32.98 12.78 61.25Two 31.78 12.33 61.20Three 30.35 12 60.46Four 29.83 11.28 62.19At one sample point, four samples were collectedand the average of the four samples at one point istabulated at table 1. Four samples for each samplingpoint were collected for accuracy purposes, thus anaverage reading will be calculated.  Based on thetables above, it is observed that at sample point one,concentration of ammonia is lesser by average of26% to sample point four.Concentration of ammonia at sample point four isthe highest at it is the most concentrated point of32.98 mg/L while the lowest is at sample point onewith 29.83 mg/L. Percentage different for samplepoint one, two, three and four are 61.25%, 61.20%,60.46% and 62.19% respectively. The endothermcity of Ammonia ion (ammonium), it requires 4+energy to break off the hydro bonding and highersurface sorption of ammonia molecules (Reddy et al.,2012). Magnetic biochar will condensed itsmacromolecular structure because of its aromaticcomposition. Thus, for biochar in the removal ofammonia or ammonium ions (NH4+) are moresuitable environmentally. Sorption of ammonium ionis considered higher compared to any other organiccompound due to its chemical interaction of physicalsorption (Zeng et al., 2013)

Fig. 7: Before and after treatment - dispersion vs ammonia concentration.Fig. 7 shows the ammonia dispersion for bothbefore and after treatment. Before treatment athigher concentration, dispersion reaches up to 5.67meters at ammonia concentration of 32.98 mg/L.Even at the furthest sampling point one at 29.83mg/L of ammonia, the dispersion is approximately at4.86 meters. The distance of end point of the finaleffluent chamber to the nearest residential area isapproximately 10meters. Within the 10 metersdistance, children and by passer frequently uses thearea.This is a complete hazard to every living beingthat passes by the area. This could lead to acute andchronic diseases from the exposure of ammonia. Theresidences are bared to prolong exposure ofammonia. Since the chronic and acute limit are

different for adults and infants, the hazard anddanger are higher for infants.
Table 2: Dispersion data for before and after treatment forsample point four to one (Average)
Sampling Point

ConcentrationBeforeTreatment(mg/L)
Dispersion (m)

ConcentrationAfterTreatment (mg/L)
Dispersion (m)

Four 32.98 5.67 12.78 1.87Three 31.78 5.39 12.33 1.78Two 30.35 5.12 12.00 1.69One 29.83 4.86 11.28 1.50
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It can be observed that at Table 2, the percentagereduction of dispersion before and after treatmentfor all the four points in average are within 65% to67%.  Dispersion of ammonia averagely within 3.8 mto 3.36 m for all the sampling point.
3.4. Consequence model of contamination of
ammonia in sewage wastewater effluentUsing PHAST software, a consequence modelusing dispersion calculation was generated usingexcelling file. Since four samples points was chosenalong the final effluent chamber, and at each samplepoint four sample were taken for accuracy purposes.Thus initial sample are 16 and the same initialsample were experimented using magnetic biocharas an adsorbent to reduce the ammonia content inthe sample, therefore in total there were 32 samplestested using UV spectrometer for the absorbancerate and PHAST for the dispersion distance. Usingthe result calculated in PHAST, consequence modelsat an average reading of all the four sample pointswere developed.

Fig. 8: Consequence Model of Dispersion of ammoniabefore and after treatment for sample point oneFrom Fig. 8, it can be observed that there isdrastic reduction in the dispersion of ammonia tothe surrounding vicinity. The red line indicateddispersion distance for before removal of ammoniatreatment while the blue indicated after treatment’sdispersion distance. The dispersion distance wasmeasured in meters.Based on Malaysian Sewerage IndustrialGuideline (MSIG) report in 2009, sewage effluentdischarge should not exceed 20mg/L for ammoniaplant that fall under category 1, standard A. From thegraph, it can be discussed that the initialconcentration of ammonia at sample point one whichis the nearest to the residential area has failed tocomplied. Percentage of excess is about 33 % and themaximum dispersion is 4.37 metersThe nearest residential area is about 10 metersaway from the STP but the along the distance, it wasobserved that residence park their vehicles and usedthe road as pedestrian walkway. Besides that,children were also observed to play surrounding thearea. Therefore, this clearly shows that both adults

and children are exposing to hazard of ammonia ondaily basic which eventually could lead to chronicammonia exposure related diseases.It can be calculated that the after removal, theconcentration of ammonia reduced up to 61%. From30.0 mg/L reduced up 11.80 mg/L, meaning theeffluent have comply to the standard requirement byMSIG and advance of 41%. This also shows that thedispersion of ammonia has reduced from 4.37meters to 1.44 meters where about 67% ofdispersion of ammonia has been reducedsuccessfully. It clearly indicated that concentration ofammonia is not at a hazardous or alarming level. Thechances of eye irritation, skin burn and pungent odorare very unlikely to happen. At a constant windspeed of 3.12 m/s in Shah Alam, dispersion ofammonia reduces its effect to the environment andhuman.

Fig. 9: Consequence model of dispersion of ammoniabefore and after treatment for sample point twoIt can be discussed that at sample point two hasalso failed to comply with the standard regulationbased on Malaysian Sewerage Industrial Guideline.Percentage of excess is about 37 % and themaximum dispersion is 5.62 meters. Concentrationof ammonia reduced up to 61% after treatment forremoval of ammonia using magnetic biochar as anadsorbent.   From 32.3 mg/L reduced up 12.40 mg/L,meaning the effluent have comply to the standardequipment by and advance of 38%. This also showsthat the dispersion of ammonia has reduced from5.10 meters to 1.68 meters where about 67% ofdispersion of ammonia has been reduced effectively.

Fig. 10: Consequence model of dispersion of ammoniabefore and after treatment for sample point three
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Sample point three has also failed to comply withthe standard regulation according to MalaysianSewerage Industrial Guideline with percentagefailure of 38%.  The failure percentage also indicatesthe hazard level to the surrounding vicinity.Concentration of ammonia reduced up to 59%after treatment for removal of ammonia usingmagnetic biochar as an adsorbent.   From 32.3 mg/Lreduced up 13.00 mg/L, meaning the effluent havecomply to the standard requirement by and advanceof 38%. This also shows that the dispersion ofammonia has reduced from 5.92 meters to 1.95meters where about 67% of dispersion of ammoniahas been reduced effectively. From sample one andtwo, ammonia concentration at these point is slightlyhigher because it is nearer to the final effluentchamber.

Fig. 11: Consequence model of dispersion of ammoniabefore and after treatment for sample point fourSample point four is the nearest to process areafirst point to the final effluent chamber whereby theconcentration of ammonia is considerably highercompared to other sample points. Ammoniaconcentration was at 33.5 mg/L and after removaltreatment using magnetic biochar, concentrationreduced to 13.2 mg/L with 61% of ammonia beingabsorbed by the adsorbent.Ammonia compliance also failed at this with thehighest failure percentage of 41%. After removalprocess, concentration of ammonia is complyingwith the standard requirement with an excess 34%of success rate.
4. ConclusionsAs a conclusion, removal of ammonia is crucialfor the safety and health of the surroundingresidence that lives nearby sewage treatment plant.Besides that, it is also important for the bettermentof our future generation and for an improved andsustainable environment. Thus sewage effluent mustcomply with the standard regulatory that has beenset by each country for their discharge point. Thisstudy compared four different consequence modelsthat were developed from PHAST software using theresult obtained from UV spectrometer for foursample point taken from Company ‘X’. Both before

treatment and after treatment data were input togenerate the consequence model. It can be concludedat 120rpm, 120 minutes and 0.5 grams of adsorbentscan remove approximately 67% of ammonia in a100ml sample. The removal of ammonia usingmagnetic biochar as an adsorbent with absorbancetheory has proven to reduce of ammonia to nearbyresidences that resides within 10 meter distance tothe sewage treatment plant with reduction of 4.12meter of dispersion distance with approximately60% of dispersion reduction from all the four samplepoints.
5. RecommendationBased on the four sample point tested, the bestpoint where the adsorbent can be placed would be atpoint four which is the nearest point to process area.This is because percentage removal of ammonia ishighest at sample point four compared to othersample point. This will reduce the ammonia toxicitydispersion distance. A mixed and a filter must beinstalled so that agitation of the adsorbent to theeffluent can be carried properly and the filterfunctions to trap the adsorbent so that it will not bedischarged to the final discharge point.The optimization parameters ranged in adifferent span can be used. Increase in agitation timecould increase the removal percentage. The magneticproperties of magnetic biochar cause the adsorbentto attach to the magnetic stirrer while theexperiment is conducted. Thus magnetic biocharcould be produced in less magnetic property butwith the same or better efficiency of rem. oval ofheavy metal. Higher the removal percentage, higherthe reduction of dispersion distance thereforereduces the hazard of ammonia to the surroundingvicinity.
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