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1. Sampling

Collecting (and preserving) representative samples, is critical for the successful implementation of the monitoring of the urban wastewater treatment plants. The results of any measurements or analyses that may follow sampling, are as good as the sample collection and preservation. The sampling techniques, points, frequency and the preservation of samples must be according to standards so that the results of the chemical measurements and analyses are both representative and reliable. 

Sampling aims at collecting a small portion of the waste in a quantity that it’s representative of the whole, practically transposable and efficient for the execution of its analyses.  

The location, depth and frequency of sampling depend on the local conditions and the objectives of monitoring. The samples should generally be analyzed as soon as possible, preferably within a day. In case preservation is unavoidable, the samples must be kept under specific conditions.  

1.1 Types of samples

1.1.1 Grab Samples

Grab samples, collected at a particular time and place, represent only the composition of the source at that time and place. If it is known that the source is constant in composition, then grab samples may represent a longer time or longer volume that the point at which it was collected. If the source is known to vary with time, grab samples collected at suitable intervals can document these variations. If the source varies in space rather than time, samples should be collected from appropriate locations. 

1.1.2 Integrated, Discharge-Weighted Samples 

A mixture of grab samples collected from different points simultaneously (or as nearly so as possible). 

“A discharge-weighted (velocity-weighted) sample of water-sediment mixture collected at one or more verticals in accordance with the technique of depth integration; the discharge of any property of the sample expressible as a concentration can be obtained as the product of the concentration and the water discharge represented by the sample” (ASTM, 1990). For a discharge-weighted sample, the water-sediment mixture is collected isokinetically so that the contribution from each point is proportional to the stream velocity at the point (that is, the sample contains an equal volume from each unit of discharge sampled).

1.1.3 Composite Samples 

Composite sampling consists of a collection of numerous individual discrete samples taken at regular intervals over a period of time, usually 24 hours. The analysis of this quantity of waste, collected over a period of time, represents the average composition during the collection period. 

1.2 Sampling Methods

Sampling can be executed either manually or by using automatic samplers. However, in both cases, the training and the experience of the personnel are essential for successful sampling. (APHA-AWWA-WΕF, 1998, ΕPA, 1982(B)). The method selected must be appropriate for program goals and technically feasible. 

1.2.1 Manual sampling 

Manual sampling requires clearly less equipment that automated. Furthermore, it costs less that automated sampling and it can be implemented under several conditions, even unusual. The manual sampling equipment does not need maintenance and if necessary, extra samples can be collected in short time. However, with manual sampling there is a possibility of increased variation as a result of inappropriate handling. Other cons of manual sampling are inconsequence in collection of samples, high labor cost and unvaried work for personnel.      

1.2.2 Automated sampling

Automated sampling is especially effective in terms of cost, variability, and reliability.  It is more appropriate than manual in situations where: 

(a) highly variable water quality occurs on a hourly-daily time frame

(b) infrequent transient events occur and affect water quality

(c) it is not possible to sample manually or difficult to maintain the required sampling frequency. 

However, automated sampling requires regular cleaning and maintenance of the samplers, while they are liable to obstruct in presence of solids. Furthermore, automated samplers have limits in capacity based on their specifications and they are inflexible.  

In general, automated samplers are considered to be more effective than manual samplers. For the selection of an automated sampler, the following criteria must be taken into consideration: 

· The variability of the waste characteristics depended upon time. 

· The variability of the flow rate. 

· The specific weight of the waste and the suspended solids load. 

· The presence of any floating materials. 

In the following table (Table 1.1) several types of automated samplers are presented, along with their characteristics.

Table 1.1: Automated samplers and their characteristics. (EPA, 1982)

	Manufacturer
	Μodel no.
	Aprox

Cost ($)
	Dimensions

WD x Depth x HT

Or DIA x HT

(cms)
	Weight (kg)
	Sample bottles
	Type cooling
	Materials Exposed to Samples
	Velocity Sample Line (cm/sec)
	Max.Lift (cm H2O)
	Intake ID (mm)
	Type
	Purge Cycle
	Controls
	Power
	Portable or fixed

	
	
	
	
	
	No
	Cap (ml)
	
	Bottles
	Tubing
	Other
	
	
	
	
	
	Flow prop.
	Time prop.
	Solid state
	AC
	Batt.
	Press
	Spring
	

	1
	41-4 
	670
	27.3 x 25.4 x VAR.
	18.16
	1
	7570
	
	Nalgene
	Tygon
	Fiberglass
	
	762
	
	Dipper
	
	
	Χ
	
	Χ
	
	
	
	F

	2
	EVS-3Β 
	672
	30.5 x 22.9 x 48.3
	8.72
	1
	3785
	
	Polypropylene
	Tygon
	Plexiglas
	10.2
	182
	3.16
	Vacuum
	
	
	Χ
	
	Χ
	Χ
	
	
	Ρ

	3
	DC-F 
	296
	30.5 x 24 x 48.3
	8.72
	1
	7570
	
	Polypropylene
	Tygon
	Teflon
	23.2
	213
	3.16
	Piston
	
	
	Χ
	
	
	Χ
	
	
	Ρ

	4
	DU-2 
	373
	30.5 x 22.9 x 48.3
	8.72
	1
	7570
	
	Polypropylene
	Tygon
	Teflon
	23.2
	213
	3.16
	Piston
	
	
	Χ
	
	
	Χ
	
	
	P

	5
	ΕΡ 
	373
	Small
	L
	1
	3785
	
	Polypropylene
	Tygon
	Teflon
	23.2
	213
	3.16
	Piston
	
	
	Χ
	
	
	Χ
	
	
	P

	6
	ΡΡ-100 
	700
	31.8 x 25.4x46
	35
	1
	9463
	
	Plastic
	Tygon
	PVC
	
	6096
	3.16
	Pressure
	
	
	Χ
	
	
	
	Χ
	
	P

	7
	ΡΡR-100 
	900
	43.2 x 49.5 x 45.1
	
	1
	5678
	Ref.
	Plastic
	Tygon
	PVC
	
	6096
	
	Pressure
	
	
	Χ
	
	
	Χ
	Χ
	
	P

	8
	SΕ-400 
	2700
	61 x 61 x 122
	79.5
	1
	18,925
	Ref.
	Polyethylene
	Plastic
	PVC
	
	975
	12.7
	Submersible
	
	
	Χ
	Χ
	Χ
	
	
	
	F

	9
	SΕ-600 
	2900
	61 x 61 x 122
	79.5
	1
	18,925
	Ref.
	Polyethylene
	Plastic
	PVC
	
	
	50.8
	Submersible
	
	
	Χ
	Χ
	Χ
	
	
	
	F

	10
	Μ-4ΚΤ 
	941
	7.6 x 30.4
	3.2
	1
	3785
	
	Polypropylene
	
	Stainless
	
	
	
	Plunger into Pipeline
	
	
	Χ
	Χ
	Χ
	
	
	
	F

	11
	SR-10 
	2245
	27.2x59.7x108
	45.4
	1
	8000
	Ref.
	Polyethylene
	PVC
	U
	Η
	671
	
	Vacuum
	Χ
	
	Χ
	Χ
	Χ
	
	
	
	F

	12
	40-2R 
	1343
	50.8 x 61 x 122
	100
	1
	18,925
	Ref.
	Polyethylene
	Polyethylene
	Polypropylene
	Η
	610
	9.5
	Moyno
	
	
	Χ
	
	Χ
	
	
	
	F

	13
	200 ΑC 
	239
	20x83
	9.1
	1
	U
	Ice
	U
	Plastic
	Aluminum
	
	77
	9.5
	Solenoid Plunger
	
	
	Χ
	
	Χ
	Χ
	
	
	F

	14
	FS-4 
	1100
	108 x 46 x 55
	31.8
	12
	3785
	
	Plastic
	
	Noryl
	L
	883
	
	Peristaltic
	
	
	Χ
	
	Χ
	
	
	
	Ρ

	15
	Custom design
	
	
	
	
	
	Ref
	
	
	
	
	
	
	
	
	Χ
	Χ
	Χ
	Χ
	
	
	
	F

	16
	Tru-Test
	2850
	49.6 x 60.4 x 131
	147.6
	1
	7500
	Ref.
	Polyethylene
	
	
	93.3
	457
	50.8
	Centrifugal
	
	
	Χ
	Χ
	Χ
	
	
	
	F

	17
	7578 
	600
	40.6 x 23.5 x 57.2
	12.7
	1
	9463
	
	Polyethylene
	Tygon
	Silicone
	
	914
	4.8
	Peristaltic
	
	
	Χ
	
	
	Χ
	
	
	P

	18
	FΡ 
	370
	10.2 x 74
	3.2
	1
	U
	
	U
	Plastic
	Stainless
	
	
	9.5
	Pressure
	
	Χ
	Χ
	
	
	
	Χ
	
	P

	19
	ΗΝS 
	1980
	91.4x33.4x91.4
	90.8
	1
	18.925
	
	Polyethylene
	Tygon
	Bronze
	75
	457
	12.7
	Impeller
	
	Χ
	Χ
	
	Χ
	
	
	
	F

	20
	1392 
	1200
	49.5 x 53.3
	18.2
	28
	500
	Ice
	Polyethylene
	Tygon
	Silicone
	96.3
	790
	6.35
	Peristaltic
	Χ
	Χ
	Χ
	
	Χ
	Χ
	
	
	P

	21
	1480 
	800
	48.5 x 64.8
	14.1
	1
	11,350
	Ice
	Polyethylene
	Tygon
	Silicone
	24.1
	790
	6.35
	Peristaltic
	Χ
	Χ
	Χ
	
	Χ
	Χ
	
	
	P

	22
	1580 
	900
	48.5 x 64.8
	14.1
	1
	11,350
	Ice
	Polyethylene
	Tygon
	Silicone
	96.3
	790
	6.35
	Peristaltic
	Χ
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	P

	23
	Τ2 
	1855
	
	25
	1
	U
	Ref.
	U
	Plastic
	Plexiglas
	
	
	12.7
	Scoop
	
	Χ
	
	
	Χ
	
	
	
	F

	24
	S-3000 
	1100
	55.6 x 73.5
	13.2
	1
	15,000
	Ice
	Polyethylene or Glass
	PVC or Teflon
	PVC or Teflon
	Η
	670
	9.5
	Vacuum
	Χ
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	P

	25
	S-4040 
	1700
	48.3 x 57.2
	17.2
	24
	500 1000
	Ice
	Polyethylene or Glass
	PVC or Teflon
	PVC or Teflon
	Η
	670
	9.5
	Vacuum
	Χ
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	P

	26
	S-4050 
	2000
	48.3 x 57.2
	17.2
	24
	500 1000
	Ice
	Polyethylene or Glass
	PVC or Teflon
	PVC or Teflon
	Η
	670
	9.5
	Vacuum
	Χ
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	P

	27
	S-5000 
	2800
	61 x 61 x 143
	73
	1
	19,000
	Ref.
	Polyethylene or Glass
	PVC
	PVC
	Η
	670
	16
	Vacuum
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	
	F

	28
	S-6000 
	3200
	61 x 61 x 143
	80
	24
	1000
	Ref.
	Polyethylene or Glass
	PVC
	PVC
	Η
	670
	16
	Vacuum
	Χ
	Χ
	Χ
	Χ
	Χ
	
	
	
	F

	29
	1301 
	1150
	43.2x30.5x71.1
	27.2
	1
	7570
	
	Polyethylene
	Tygon
	Ε.Ρ.Τ
	
	914
	6.35
	Pressure
	
	
	Χ
	Χ
	
	Χ
	Χ
	
	Ρ

	30
	2104Τ-CLK
	1250
	
	
	1
	7570
	
	U
	Tygon
	Ε.Ρ.Τ
	
	914
	6.35
	Pressure
	
	
	Χ
	Χ
	Χ
	
	Χ
	
	F

	31
	Survey
	275
	Small
	L
	1
	U
	
	U
	Tygon
	Βuna-Ν
	Η
	182
	12.7
	Impeller
	
	
	Χ
	
	Χ
	
	
	
	P

	32
	Scout
	520
	35.6 x 15.3 x 43.2
	10
	1
	3785
	
	Polypropylene
	Tygon
	Silicone
	12.1
	457
	6.35
	Peristaltic
	
	
	Χ
	
	Χ
	Χ
	
	
	P

	33
	Sentry
	1100
	40.6 x 35.6 x 33
	15.9
	24
	450
	
	Glass
	Tygon
	Silicone
	12.1
	457
	6.35
	Peristaltic
	Χ
	
	Χ
	
	Χ
	Χ
	
	
	P

	34
	Trebler
	1600
	
	
	1
	U
	Ref
	U
	
	PVC
	
	L
	
	Scoop
	
	Χ
	
	
	Χ
	
	
	
	F

	35
	Sentinel
	
	58.5 x 25.4 x 147.4
	84
	1
	7570
	Ref
	Polyethylene
	
	PVC
	
	
	50.8
	U
	
	
	Χ
	
	Χ
	
	
	
	F

	36
	ΝΡΕ 
	
	
	
	1
	
	Ref
	
	
	
	Η
	
	
	Vacuum
	Χ
	
	Χ
	
	Χ
	
	
	
	F

	37
	8392-300 
	850
	
	
	1
	U
	
	U
	
	Stainless
	
	305
	
	Dipper
	
	
	Χ
	
	Χ
	Χ
	
	
	F

	38
	CG-125 
	800
	33 x 25.4 x 43.2
	9.1
	1
	5678
	
	ΤFΕ Resins
	ΤFΕ Resins
	PVC
	
	914
	3.16
	Pressure
	Χ
	
	Χ
	
	
	
	Χ
	
	P

	39
	CG-150 
	900
	33 x 25.4 x 43.2
	9.1
	1
	5678
	
	ΤFE Resins
	ΤFΕ Resins
	PVC
	
	914
	3.16
	Pressure
	Χ
	
	Χ
	
	
	
	Χ
	Χ
	P

	40
	CEL-300
	1500
	33 x 48.3 x 43.2
	13.7
	1
	5678
	ESTAT 200171200004


	ΤFE Resins
	PVC
	PVC
	99.7
	914
	12.7
	Submersible
	
	
	Χ
	
	Χ
	
	
	
	P

	41
	DEL –240S 
	5700
	76.2 x 8 1.2 x 1825
	
	24
	100
	Ref
	ΤFE Resins
	Stainless
	PVC
	99.7
	914
	12.7
	Submersible
	
	
	Χ
	
	Χ
	
	
	
	F

	42
	CVE 
	570
	38.1x38.1x60.9
	24.9
	1
	1893
	Ice
	Glass
	Tygon
	Plexiglas
	Η
	610
	6.35
	Vacuum
	Χ
	
	Χ
	
	Χ
	
	
	
	P

	43
	E
	1000
	20.3 x 33 x VAR.
	45.4
	1
	U
	
	
	
	Stainless
	
	
	
	Dipper
	
	
	Χ
	
	Χ
	
	
	
	F

	44
	CVE II
	950
	38.1x43.2x38.1
	15.9
	1
	3785
	Ice
	Glass
	Plexiglass
	Brass
	Η
	610
	12.7
	Vacuum
	Χ
	
	Χ
	Χ
	Χ
	Χ
	
	
	P

	45
	LF 
	960
	39.4 x 7.7
	10
	1
	U
	
	U
	U
	Stainless
	
	
	
	Plunger into pipeline
	
	
	Χ
	
	Χ
	
	
	
	F

	46
	WD-1
	650
	34.3 x 25.4 x 36.9
	14
	1
	9462
	
	Plastic
	Tygon
	
	9.7
	670
	3.16
	Nutating
	
	
	Χ
	
	Χ
	Χ
	
	
	P

	47
	WD-5 
	1100
	50x37x64
	27
	1
	18,925
	
	Plastic
	Tygon
	
	4.2
	548
	6.35
	Finger
	
	
	Χ
	
	Χ
	Χ
	
	
	P

	48
	WΜ- 4-24
	1100
	50 x 37 x 64
	25.4
	24
	450
	
	Plastic
	Tygon
	
	9.7
	670
	3.16
	Nutating
	X
	
	X
	
	X
	X
	
	
	P

	49
	WM-6-24
	1400
	50 x 37 x 64
	29
	24
	450
	
	Plastic
	Tygon
	
	4.2
	548
	6.35
	Finger


	X
	
	X
	
	X
	X
	
	
	P

	50
	WAΡ-2 
	700


	34.3 x 25.4 x 36.9
	11.4
	1
	9462
	
	Plastic
	Tygon
	
	9.7
	670
	3.16


	Nutating
	
	Χ
	
	
	Χ
	
	
	
	P

	51
	WΑΡ-5 
	1050
	50 x 37 x 64
	19.1
	1
	18,925
	
	Plastic
	Tygon
	
	4.2
	548
	6.35
	Finger
	
	Χ
	
	
	Χ
	
	
	
	P

	52
	WΜ-1-24R
	1525
	53.4 x 55.9 x 86.4
	56.8
	24
	450
	Ref
	Plastic
	Tygon
	
	9.7
	670
	3.16
	Nutating
	Χ
	
	Χ
	
	Χ
	
	
	
	F

	53
	WAC-5R
	1300


	53.4 x 55.9 x 125
	44.5
	1
	18,925
	Ref
	Plastic
	Tygon
	
	Var
	670
	3.16
	Finger
	
	Χ
	
	
	Χ
	
	
	
	F

	54
	Β/S-VS
	1670-2950
	
	127
	24
	473
	Ref
	Polyethylene
	Plexiglas
	
	Η
	
	9.53
	Vacuum
	Χ
	
	Χ
	
	Χ
	
	
	
	F

	55
	Β/ΙΕ-VS
	1100-2778
	
	123
	1
	
	Ref
	Stainless
	PVC
	PVC
	
	6096
	
	Dipper
	
	
	Χ
	
	Χ
	
	
	
	F

	56
	Β/ΟΡ-VS
	1375 2772
	
	91
	24
	
	Ref
	Polyethylene
	PVC
	Plexiglas
	
	
	
	Pressurised sources
	
	
	Χ
	
	Χ
	
	
	
	F

	57
	ΜΚ-VS
	675-1364
	40.7 x 40.7 x 555
	17
	1

24
	15,140

500
	
	Plastic
	PVC
	Plexiglas
	140
	670
	9.53
	Vacuum
	Χ
	
	Χ
	Χ
	Χ
	Χ
	
	
	P

	58
	ΝW- 
	1000
	39.4 x 39.4 x 68
	23.2
	24
	473
	
	Glass
	Tygon
	Stainless
	
	396
	6.35
	Evacuated bottles
	
	
	Χ
	
	
	
	
	Χ
	P

	59
	ΗG4 
	500
	33.8x31.4x33.5
	
	1
	3785
	
	Polyethylene
	
	Stainless
	
	53
	
	Telescoping       Tube
	
	
	Χ
	
	Χ
	Χ
	
	
	P

	60
	ΜΑR 3Β 
	845
	36.8x66
	14.5
	12
	570
	
	Glass
	Tygon
	Stainless
	
	300
	6.35
	Evacuated bottles
	
	
	Χ
	
	
	
	
	Χ
	P

	61
	ΜΑRΒ 
	950
	38 x 38 x 47
	20.2
	24
	570
	
	Glass
	Tygon
	Stainless
	
	300
	6.35
	Evacuated bottles
	
	
	Χ
	
	
	Χ
	
	Χ
	P

	62
	Custom design
	
	
	
	
	
	Ref
	
	Silicone
	
	
	762


	9.53
	Peristaltic
	
	Χ
	Χ
	Χ
	Χ
	
	
	
	F

	63
	CS/TP
	1425
	20 x 20 x 7
	10.5
	1
	U
	
	U
	Tygon
	Silicone
	34
	670
	7.9
	Peristaltic
	Χ
	Χ
	Χ
	
	Χ
	
	
	
	F


1.3 Type and capacity of Samplers

Samplers are usually made of glass or plastic. Special attention must be paid to the choice of the sampler’s material, so that it does not infect the sample. For example, some plastic materials may not be compatible with certain organic substances of the sample and if plastic sampling equipment is used, the results will be false. 

Plastic containers are commonly used for sampling wastewater, although glass containers must be used if the sample will be analyzed for oils and grease, hydrocarbons, detergents and pesticides.   

For the determination of the samplers’ type, the following factors should be taken into consideration, according to ISO 5667-10:1992:

1. High resistance to breakage 

2. Good sealing efficiency

3. Ease of reopening

4. Good resistance to temperature extremes

5. Practicable size, shape and mass

6. Good potential for cleaning and reuse

7. Availability and cost. 

Containers must be cleaned before sampling, in order to reduce the risk of contamination of the sample. Before filling, the container must be rinsed at least twice with the water being collected, except when a sample is to be analyzed for suspended sediments, for contaminants likely associated with the suspended solids or for oils and greases. In these cases, suspended particles or grease-like materials may retain on the interior surface of the container with rinsing.

1.4 Sampling Frequency

The determination of the appropriate sampling frequency is also essential for the monitoring of the wastewater, both before and after the treatment. 

The sampling frequency can be determined by using techniques that require certain information. When that information is not available, the following is implemented:

(a) Weekly investigation of collecting hourly samples.  

(b) Identification of an unusual occurrence that took place during sampling period, (e.g. storm) which could require repeating sampling.

Especially for urban waste, according to the 91/271/EEC Directive (Annex I, D), the minimum number of annual samples is determined by the capacity of the treatment plant and sampling is executed regularly.

· 2000 to 9999 e.p.: 12 samples during the first year, 4 samples in subsequent years, if it is proved that the water during the first years complies with the provisions of the Directive. If one sample of the fours fails, 12 samples must be taken in the following year. 

· 10000 to 49999 e.p.: 12 samples

· 50000 e.p. or over: 24 samples [3=Directive] 

On the following table, the suggested parameters to be monitored in order to assess the effectiveness of the different stages of the process, according to EPA, are presented.  

Table 1.2: Recommended minimum sampling frequency during the urban wastewater treatment, overall and at the different stages of the treatment (EPA, 1982)

	Parameter
	General
	Preliminary Treatment
	Primary Treatment
	Active
 sludge
	Aeration
Tank
	Secondary Treatment
	Chlorination
	Chemical Treatment
	Removal of Ν
	Aerobic Digestion
	Anaerobic Digestion 

	
	Τ
	F
	Τ
	F
	Τ
	F
	Τ
	F
	T
	F
	T
	F
	T
	F
	T
	F
	Τ
	F
	F
	F

	Flow
	
	R
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Temperature
	G
	1/D
	
	
	
	
	
	
	G
	1/D
	
	
	G
	1/D
	
	
	G
	3/D
	1/D
	

	pH
	G
	1/D
	
	
	
	
	G
	5/W
	G
	3/W
	G
	1/D
	G
	1/D
	G
	1/D 
	G
	3/D
	1/D
	1/D

	BOD
	C
	2/W
	
	
	C
	2/W
	C
	2/W
	
	
	C
	2/W
	
	
	
	
	
	
	
	1/D

	COD
	
	
	
	
	C
	1/W
	C
	2/W
	
	
	G
	1/W
	
	
	
	
	
	
	
	

	DO
	G
	3/W
	
	
	
	
	G
	5/W
	G
	1/D
	
	
	
	
	
	
	
	
	3/W
	

	SS
	C
	3/W
	
	
	C
	3/W
	C
	5/W
	
	
	
	
	
	
	
	
	
	
	
	1/W

	NH3-N
	C
	1/W
	
	
	
	
	C
	1/D
	
	
	
	
	
	
	
	
	C
	1/W
	
	

	TKN
	C
	1/W
	
	
	
	
	C
	1/D
	
	
	
	
	
	
	
	
	C
	1/W
	
	

	NO3-N
	C
	1/W
	
	
	
	
	C
	1/D
	
	
	
	
	
	
	
	
	C
	1/W
	
	

	P-T
	C
	1/W
	
	
	
	
	C
	3/W
	
	
	
	
	
	
	
	
	
	
	
	

	Turbidity
	
	R
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Solids (TS)
	C
	
	
	
	G
	1-3/W
	
	
	
	
	
	
	
	
	
	
	
	
	2/W
	1/W

	Total Volatile Solids (TVS)
	C
	2/W
	G
	2/W
	
	
	C
	3/W
	
	
	
	
	
	
	
	
	
	
	2/W
	2/W

	Metals  
	C
	2/M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Coliforms 
	
	
	
	
	
	
	
	
	
	
	
	
	G
	1/W
	
	
	
	
	
	

	Enteric Coliforms
	
	
	
	
	
	
	
	
	
	
	
	
	G
	1/W
	
	
	
	
	
	


Τ: Type of Sample, F: Sampling Frequency, G: Grab sample, C: Composite 24hour sample, D: day, W: week, Μ: month, R: Continuous record

1.5 Sample preservation

The analysis of the samples must be performed as soon as possible. When immediate analysis is not possible, the sample needs to be preserved, in order to remain representative of the water sampled. 

Usually, wastewater is preserved with ice, cooling the sample between 0oC and 4oC. If the sample is being collected over an extended period of time, the preservation of the sample should be an integral part of the collection procedure. Keeping the samples in the dark can enhance the preservation. 

There are some other, though limited, methods of preserving the samples, e.g. preservatives, like acids, alkalis, or other reagents. It is also important to determine whether the sample to be preserved should be kept in a fully filled container or not. For example, in the case of BOD5, COD, solids, sulphide, surfactants, EC, iron, magnesium, calcium, boron, alkalinity and others, the container should be filled to exclude air. In the case of acidic herbicides, oils and grease, pesticides, PCBs, PAHs, the container should not be filled completely. 

On the following table, the advisable methods of sample preservation according to the parameter to be measured are presented. At the same table, the type of sampler required as well as the minimum sample volume, always according to the parameter to be monitored, are also presented. 

Table 1.3: Sampling and Sample Preservation according to parameter that is to be measured, [APHA-AWWA-WΕF, 1998; Metcalf & Eddy, 2003]

	Parameter
	Type of Sampler
	Minimum

Sample Volume (ml)
	Preservation
	Maximum Storage Time

	Temperature
	P, G
	1000
	Immediate measurement (2)
	

	Alkalinity
	P, G
	200
	Refrigeration (1) 
	24h

	pH
	P, G
	50
	Immediate measurement (2)
	0.25h

	BOD
	P, G
	1000
	Refrigeration
	6h

	COD
	P, G
	100
	Measurement in short time, addition of H2SO4 so that pH<2 / Refrigeration (1)
	7d

	Dissolved Oxygen (DO)
	G
	300
	Immediate measurement (2)
	

	TOC
	G (B)
	100
	Measurement in short time / addition of H2SO4, H3PO4 or HCl so that pH<2
	0.25h

	Solids (total, dissolved, suspended)
	P, G
	200
	Refrigeration (1)
	7d

	Ammoniacal


	P, G
	500
	Measurement in short time / addition of H2SO4 so that pH<2 / Refrigeration (1)
	7d

	Nitrous
	P, G
	100
	Measurement in short time / addition of 40mg HgCl2 /sample l, refrigeration or deep refrigeration at -20°C

(according to concentration)
	

	Nitric
	P, G
	100
	Measurement in short time / addition of H2SO4 so that pH<2 /refrigeration (1)
	

	Kjeldahl Nitrogen
	P, G
	500
	Refrigeration (1), addition of H2SO4 so that pH<2
	7d

	Phosphoric
	G (rinse with HNO3)
	100
	For dissolved phosphoric immediate filtration /deep refrigeration below -10°C and/or addition of 40mg HgCl/  sample l
	

	Chloride
	P, G
	50
	None required
	28d

	Chlorine, Total residual
	P, G
	50
	Immediate measurement (2)
	

	Fats and Oils
	G
	1000
	Addition of HCl or H2SO4 so that pH< 2, refrigeration (1)
	28d

	Metals
	P, G

(rinse

with ΗΝΟ3)
	1000
	For dissolved metals, immediate filtration /addition of dense HNO3 so that pH <2, refrigeration (1)
	28d

	Coliforms (total & enteric)
	P, G
	
	Refrigeration (1), addition of 0.008% Na2S2O6
	6h

	Enteric streptococcus
	P, G
	
	Refrigeration (1), addition of 0.008% Na2S2O6
	6h


P: Plastic, G: Glass, G (B): Boron-silicate Glass

Notes: 

1) Refrigeration should be at temperature 4°C ± 2°C, in the dark and must take place right after sampling, during the samples transportation to the laboratory. 

2) Immediate measurement must take place in 15min from the sampling time. 

1.6 Demands in Personnel

The demands in personnel for the execution of sampling, measurements and analyses involve both technical and scientific staff. Technical staff can execute sampling, while the scientific staff of the wastewater treatment plant must execute the measurements and the analyses. Chemists, chemical engineers, environmental engineers etc may comprise the scientific staff that will be responsible for using the site’s instruments and apparatus.

Important Notice:

Good sampling practice always involves the use of detailed field notes. Specific information about seemingly unimportant facts such as the time of day or weather conditions is often important when interpreting data, as well as any unusual occurrences. A field log book (with water proof paper) is mandatory. All field measurements should be entered directly into the field log book while in the field. All information recorded in the log book should be entered into the database immediately upon return from the field. 

2. Chemical measurements and analyses       

The execution of the measurements and analyses must be according to standard methods, as specified in E.U. Directives, by the International Standardization Association – ISO, by APHA-AWWA-WEF and by the National Standardization organizations. In this way, both the credibility and the capability of comparing results are secured. 

2.1 Parameters usually monitored in wastewater

2.1.1 Flow volume

Flow volume is an important parameter in wastewater monitoring. A large discharge has a greater risk of adverse effects on a receiving environment than a smaller discharge. Flow varies between communities, and is influenced by several factors. Flow volume varies over a typical day, and throughout a year depending on the type of dwelling, its occupants and their habits, as well as the influence of any industrial trade waste contributions. The trade waste component of any wastewater will have a significant impact on the flow rate and volume depending on the type of industry and its size comparing to the size of the community.

2.1.2 Temperature

The temperature of the wastewater is slightly higher than the incoming water supply due to the addition of hot water. Depending on location, the temperature of wastewater varies between 10 to 21 oC. The variation is greater in areas with trade waste inputs, due to hot inputs from cleaning or cooking or chilled water added from food industries. 

2.1.3 pH

pH is the concentration of hydrogen ions (H+) in the wastewater, and it indicates how acidic or alkaline the wastewater is. It needs to be monitored because if extreme pH is not adjusted prior the entrance of the influent into the treatment plan, toxic effects can result such as salt precipitation or some compounds become more toxic (e.g. ammonia).  

2.1.4 Suspended Solids 

High suspended solids levels can result in overloading of some treatment processes and can also have impacts on receiving environments. 

2.1.5 BOD5
BOD5 stands for the oxygen required by microorganisms to degrade organic matter over five days. It is a common measure of organic pollution and it is considered a critical parameter, as it can cause organic enrichment, bacterial growths on aquatic surfaces and dissolved oxygen depletion. 

2.1.6 Fats, Oils and Greases

Fats, oils and greases end up in wastewater from butter, margarine, vegetable oils and fats. Fats are also found in meat, milk, nuts and other food products. Kerosene, lubricants and road oils also end up in wastewater through sewerage, from garages or car sales shops. Fats, oils and greases are similar chemically and they are not easily decomposed by bacteria. They can cause problems in both the sewers and the treatment plant.      

2.1.7 Nitrogen

Nitrogen compounds are of interest because of the importance of nitrogen in the life cycles of plants and animals. Nitrogen is a nutrient and occurs in many forms including ammonia, organic, nitrate and nitrite, each of which may be tested for in a variety of ways. Nitrogen is found in untreated wastewater mainly in two forms; ammoniacal (NH4 and NH3, with only small quantities of the nitrite and nitrate forms) (about 60%) and organic (about 40%). High concentrations of nitrate in wastewater treatment plant effluent can cause algae to grow in large quantities.  Dead and decaying algae can cause oxygen depletion problems that in turn can kill fish and other aquatic organisms in streams.  For this reason, testing for nitrogen in the plant effluent is critical. In addition to that, high nitrogen levels in receiving surface waters can result in micro and macro-scale plant growth (algal blooms, excessive aquatic weed growth as well as toxic effects on aquatic organisms. Especially ammoniacal nitrogen, in its unionized form (NH3) is toxic to aquatic organisms, in both fresh and marine waters. Receiving waters’ temperature and pH both influence ammonia toxicity.    

2.1.8 Total Phosphorus

Phosphorous in wastewater comes from detergents and organic matter breakdown. It is found in organic and inorganic forms and it can cause excessive plant growth in surface waters. High phosphorus levels in wastewater effluent can result in excessive plant growth in surface waters. 

2.1.9 Cations and Anions 

Cations and Anions found in wastewater include sodium (Na), potassium (K), calcium (Ca) and chloride (Cl). They do not usually result in adverse environmental effects, therefore they are not routinely monitored.  

2.1.10 Microorganisms

Many microorganisms are found in wastewater before treatment, including bacteria, viruses, helminths and protozoa. Pathogens are the disease-causing microorganisms. The possibility of human infection determines the required treatment level for the removal of pathogens. Bacterial indicators usually determined for the characterization of the influent are E. coli, faecal coliforms and enterococci. Protozoa and virus should be monitored in case of large discharges. 

2.1.11 Heavy Metals

High levels of heavy metals can be toxic to both biota and people. Metal solubility is usually low and is influenced by pH (as pH increases, solubility decreases). Industrial trade waste may contribute a large proportion of metals in wastewater. Metals contributed from domestic sources come from water treatment, detergents, cosmetics, soap, household dust, medicines, toilet paper and pipe work. However, metal concentrations from domestic sources are usually low and do not pose significant environmental effects.      

2.1.12 Persistent Organic Pollutants

Persistent organic pollutants are organic substances that are persistent and toxic. Examples of POPs that may be present in wastewater are: phenols, chlorinated hydrocarbons (DDT, PCP, PCBs), pesticides, herbicides, PAH and BTEX (benzene, toluene, ethylbenzene and xylene). POPs must be measured if there is a significant point source discharged into the sewerage system.   

2.2 Parameters that need to be determined

2.2.1 Influent

Sampling and analyzing the influent is necessary in order to:

(a) Assess the treatment process and 

(b) Calculate load to the plant for operational control. 

Influent monitoring shall include the following:

	· Flow Volume  

· Temperature

· pH

· Suspended Solids

· BOD5
· Total Kjeldahl Nitrogen

· Ammonia
	· Total Phosphorus

· Chloride

· Sulphates 

· Fats, Oils and Greases  

· Faecal coliforms 

· E. Coli 




2.2.2 Effluent

On the other hand, the effluent must be monitored in order to:

(a) Consent compliance

(b) Calculate load to the receiving water

(c) Determine efficiency of the treatment plant. 

Effluent monitoring shall include the following: 

	· Flow Volume 

· Temperature

· pH

· Suspended solids

· Electrical Conductivity 

· BOD5
· Metals (Al, As, Be, B, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Mo, Ni, Va, Zn, Hg, Se)
	· Chlorides

· Total Kjeldahl Nitrogen

· Ammonia

· Total Phosphorus

· Sulphates

· Faecal Coliforms 

· E. Coli

· Enterococci




Also, toxicity and genotoxicity must also be monitored, as following: 

Toxicity

1. Microtox: Photobacterium phosphoreum (Vibrio fischeri)

2. Algatox 72 hours: Selenastrum capricornutum

3. Daphtox: Daphnia magna Straus

The above should be determined twice a year for wastewater treatment plants of e.p. > 50.0000. If it is defensively concluded that the wastewater (according to its quality, quantity and/or its dilution) cannot possibly (a) be toxic (b) its particular usage will not contribute (directly or indirectly) to the degradation of the receiving environment’s quality, then toxicity monitoring may be accordingly limited.

Genotoxicity
1. Mutatox: Photobacterium phosphoreum (Vibrio fischeri)

The above should be determined twice a year for wastewater treatment plants of e.p. > 50.0000. If it is defensively concluded that the wastewater (according to its quality, quantity and/or its dilution) cannot possibly (a) be toxic (b) its particular usage will not contribute (directly or indirectly) to the degradation of the receiving environment’s quality, then toxicity monitoring may be accordingly limited.
2.2.3 Receiving Environment Characterization

The receiving environment of the effluent must be sampled for a number of reasons:

(a) To determine the impact of the discharge

(b) To consent compliance

(c) To create a state of the environment prior to a new discharge

(d) To determine sources of pollution 

The discharge of the effluent in the receiving environment is the last step of the wastewater treatment process. Receiving environment characterization includes:

(a) Type of receiving environment (e.g. lake, river, estuary). Surface waters are usually the receiving environments for wastewater discharges. 

(b) Physical, chemical and biological characteristics.      

The European Directive concerning urban wastewater treatment (91/271/EEC) categorizes receiving environments as either sensitive or less sensitive areas. According to the Directive, 

· A water body must be identified as a sensitive area if it falls into one of the following groups

(a) natural freshwater lakes, other freshwater bodies, estuaries and coastal waters which are found to be eutrophic or which in the near future may become eutrophic if protective action is not taken. The following elements might be taken into account when considering which nutrient should be reduced by further treatment:

(i) lakes and streams reaching lakes/reservoirs/closed bays which are found to have a poor water exchange, whereby accumulation may take place. In these areas, the removal of phosphorus should be included unless it can be demonstrated that the removal will have no effect on the level of eutrophication. Where discharges from large agglomerations are made, the removal of nitrogen may also be considered;

(ii) estuaries, bays and other coastal waters which are found to have a poor water exchange, or which receive large quantities of nutrients. Discharges from small agglomerations are usually of minor importance in those areas, but for large agglomerations, the removal of phosphorus and/or nitrogen should be included unless it can be demonstrated that the removal will have no effect on the level of eutrophication;

(b) surface freshwaters intended for the abstraction of drinking water which could contain more than the concentration of nitrate laid down under the relevant provisions of Council Directive 75/440/EEC of 16 June 1975 concerning the quality required of surface water intended for the abstraction of drinking water in the Member States (1) if action is not taken;

· A marine water body or area can be identified as a less sensitive area if the discharge of waste water does not adversely affect the environment as a result of morphology, hydrology or specific hydraulic conditions which exist in that area.

When identifying less sensitive areas, Member States shall take into account the risk that the discharged load may be transferred to adjacent areas where it can cause detrimental environmental effects. Member States shall recognize the presence of sensitive areas outside their national jurisdiction. The following elements shall be taken into consideration when identifying less sensitive areas:

· Open bays, estuaries and other coastal waters with a good water exchange and not subject to eutrophication or oxygen depletion or which are considered unlikely to become eutrophic or to develop oxygen depletion due to the discharge of urban waste water. 

Receiving environment monitoring shall include the following: 

	· pH

· Temperature

· BOD5  

· Suspended Solids

· El. Conductivity 

· Fats, oils and Greases
	· Total Nitrogen 

· Total Phosphorus

· Faecal coliforms (3/week, grab) 

· Enterococci (3/week, grab)

· Chlorophyll a




2.3 Guidelines for the execution of the measurements and analyses

2.3.1 Flow 

Flow meters are used for flow volume monitoring. At the following table, several types of flow meters for flow measurement of wastewater are presented. The selection of the right technology for a particular location is essential. For the selection of the most appropriate type, the following must be taken into consideration:
· Accuracy required 

· Approximate maximum, normal and minimum flow that the device will need to measure

· Layout of the installation point desired, as most of the technologies require considerable runs of straight pipe before and after the device. 

· Availability of power.

· Cost

· Outputs needed.

Table 2.1: Flow meter technologies for Municipal Water and Wastewater 

	Technology
	Power needed
	Straight Pipe Required
	Accuracy Nominal
	Notes

	Propeller 
	No
	6 Diameter
	2% of full scale
	Cannot accept sewage 

	Magnetic 
	Yes
	7 Diameter
	0.5 of reading
	Obstruction-less and ideal for sewage 

	Turbine 
	No
	6 Diameter
	1% of reading
	Needs very clean water, easily damaged

	Ultrasonic Doppler
	Yes
	13 Diameter
	Claimed 3%
	Used with dirty water or where bubbles are present. 

	Ultrasonic Transit time
	Yes
	13 diameter
	Claimed 2% above 1 fps
	Flanged units get better performance. 

	Piston 
	No
	-
	AWWA Spec. for domestic meters (C700)
	Inexpensive for domestic flow sizes, impractical for larger sizes. 

	Orifice plate 
	Yes
	20 diameter
	0.5% of FS
	Reliable and inexpensive for large pipes. No sewage.

	Venturi
	Yes
	15 diameter
	0.5% of FS
	Reliable. Able to handle sewage.

	V Cone
	Yes
	0-3 diameter
	0.5% of FS
	Reliable, low maintenance, useful in tight installations.  


2.3.2 Temperature 

Water temperature is measured with a glass thermometer or a digital meter. It must be measured in the field. Thermometers filled with alcohol are preferred over those filled with mercury because they are less hazardous if broken. Meters designed for other tests, such as pH or dissolved oxygen, may also measure temperature and can therefore be used instead of a thermometer.

Equipment

The equipment needed for temperature measurement is a glass thermometer or digital meter. Before using a glass thermometer, it should be checked for cracks. Also, the alcohol or mercury column should be checked for breaks.

Procedure

1. If materials entering the water-body from isolated sources (point sources) such as pipes are thought to be elevating the temperature, it is desirable to obtain two measurements, one above any discharge into the stream and one below. 

2. The thermometer should be placed a few centimetres into the waterway or immediately into the water sample as soon as it has been collected. If possible, the temperature should be taken directly in the water. 

3. Enough time should be allowed, until the reading stabilizes. 

4. The temperature should be read to the nearest 0.5°C, while the thermometer bulb, or temperature probe, is still immersed in the water. The reading should be as close as possible to eye level. 

The above steps should be repeated at least once and all results must be reported. 

Maintenance

After use, the thermometer or meter probe should be rinsed with clean water, dry and be returned it to its protective container. The thermometer should be kept free from dirt and other contaminants and the glass must not get scratched or cracked.

Calibration

The thermometer and digital meter must read the same as at least two other thermometers - at room temperature, in an ice bath and in hot water - annually. 

2.3.3 pH

pH is measured by using an electronic pH-meter. pH-meter measures pH and temperature, and it adjusts the readings according to the temperature of the sample (pH varies with temperature). PH-meters usually display results in pH units. Meters vary a great deal, but the most important part is the electrode. 

Equipment

The equipment needed for this measurement includes: the pH meter, a sample bottle, de-ionized water and calibration solutions and containers. 

Procedure

1. The electrode must be rinsed well with de-ionized water. 

2. After that, the electrode must be immersed directly into the surface water or into the field bottle (only for samples collected from depth) and be allowed to equilibrate before recording the value. Values are typically recorded to the nearest 0.1 pH unit. The electrode must be placed in the sample and 2-3 minutes must be given for the reading to stabilize. 

Note: some change will occur as pH reacts with carbon dioxide dissolving from the air. The result should be recorded. 

The test should be repeated on a field replicate sample and record the result. 

The probe must be kept moist at all times. The temperature compensated probe must be dipped into the water, simulating a stirring action to ensure water moves past the glass probe. The probe should be rinsed with distilled water between samples and stored in water.  
Calibration

The following steps must be followed:

(a) Follow the pH-meter manufacturer’s instructions for storage and preparation of the electrodes.

(b) Remove electrodes from the storage solution and rinse well with distilled water. Electrode fill plug, if present, should be removed before taking readings. 

(c) In the field, calibrate pH-meter using two buffer solutions which will bracket the pH range of the samples (one at pH 7.0, one at acidic pH 4.0 and one at alkaline pH 9.0) Place the electrode in each solution for at least I minute (rinse well with distiled water between buffer solutions). If the reading does not correspond to the value of the buffer solution, adjust the meter and record the discrepancy. Repeat the process before the end of the sampling day. Samples should be at (or near) the temperature of the buffers used for calibration, or the meter should be equipped with a temperature compensation probe. 

Note: Never calibrate with just a single buffer solution. 


Maintenance

The electrode must be rinsed well with de-ionized water, and the cap should be replaced. Infrequently used or improperly maintained electrodes are subject to corrosion, which renders them highly inaccurate. The electrode tends to last only 1 or 2 years, so it is better to purchase a meter with a replaceable electrode.

2.3.4 BOD5 
The method for the determination of BOD5 consists of filling to overloading an airtight bottle of the specified size and incubating it at the specified temperature for 5 days. Dissolved oxygen is measured before and after incubation and the BOD is computed from the difference between the initial and the final dissolved oxygen. 

Sampling

Sampling can be either grab or composite. Grab samples should not be kept for more than 24 hours before analyzing. If analysis is not started between 2 hours from sampling, then the samples should be stored at or below 4 oC. It is strongly recommended that the analysis should start within 6 hours from sampling. In case of composite sampling, the samples should be kept at or below 4oC during composting. The composting period should be limited to 24h. In both cases, storing time and conditions should be reported. 

Equipment

· Incubation bottles: 300 ml glass bottles, having a ground-glass stopper and a flared mouth. The bottles should be cleaned with a detergent, rinsed thoroughly and drained before use. A water seal should be used as a precaution against drawing air into the dilution bottle during incubation. Satisfactory water seals should be obtained by inverting bottles in a water bath or by adding water to the flared mouth of special BOD bottles. 

· Air incubator, thermostatically controlled at 20 +/- 1 oC. All light should be excluded all to prevent possibility of photosynthetic production of DO.

Reagents

1. Phosphate buffer solution: 

Dissolve 8.5 g KH2PO4, 21.75 g K2HPO4, 33.4 g Na2HPO4.7H2O, and 1.7 g NH4Cl in about 500 mL distilled water and dilute to 1 L. The pH should be 7.2 without further adjustment. Alternatively, dissolve 42.5 g KH2PO4 or 54.3 g K2HPO4 in about 700 ml distilled water. Adjust pH to 7.2 with 30% NaOH and dilute to 1 L.

2. Magnesium sulfate solution: Dissolve 22.5 g MgSO4.7H2O in distilled water and dilute to 1 L.

3. Calcium chloride solution: Dissolve 27.5 g CaCl2 in distilled water and dilute to 1 L.

4. Ferric chloride solution: Dissolve 0.25 g FeCl3.6H2O in distilled water and dilute to 1 L.

5. Acid and alkali solutions, 1N, for neutralization of caustic or acidic waste samples: 

a. Acid: Slowly and while stirring, add 28ml concentrated sulfuric acid to distilled water. Dilute to 1 L. 

b. Alkali: Dissolve 40g sodium hydroxide in distilled water. Dilute to 1 L.

6. Sodium sulfite solution: Dissolve 1.575 g Na2SO3 in 1000 ml distilled water. This solution is not stable and should be prepared daily.

7. Nitrification inhibitor, 2-chloro-6-(trichloromethyl) pyridine.

8. Glucose-glutamic acid solution: Dry reagent-grade glucose and reagent-grade glutamic acid at 103°C for 1 h. Add 150 mg glucose and 150 mg glutamic acid to distilled water and dilute to 1 L. Should be prepared fresh immediately before use.

9. Ammonium chloride solution: Dissolve 1.15 g NH4Cl in about 500 ml distilled water, adjust pH to 7.2 with NaOH solution, and dilute to 1 L. Solution contains 0.3 mg N/ml.

10. Dilution water: Use demineralized, distilled, tap, or natural water for making sample dilutions.

Procedure

1. Preparation of dilution water: 

· Place desired volume of water in a suitable bottle and add 1 ml each of phosphate buffer, MgSO4, CaCl2, and FeCl3 solutions/L of water. Seed dilution water, if desired. Test dilution water so that water of assured quality always is on hand. 
· Before use bring dilution water temperature to 20 ± 3°C. Saturate with DO by shaking in a partially filled bottle or by aerating with organic-free filtered air. Alternatively, store in
· cotton-plugged bottles long enough for water to become saturated with DO. Protect water quality by using clean glassware, tubing, and bottles.
2. Dilution water storage: 

· Source water may be stored before use as long as the prepared dilution water meets quality control criteria in the dilution water blank. Such storage may improve the quality of some source waters but may allow biological growth to cause deterioration in others. Preferably do not store prepared dilution water for more than 24 h after adding nutrients, minerals, and buffer unless dilution water blanks consistently meet quality control limits. Discard stored source water if dilution water blank shows more than 0.2 mg/L DO depletion in 5 d.

3. Glucose-glutamic acid check: 

· Because the BOD test is a bioassay its results can be influenced greatly by the presence of toxicants or by use of a poor seeding material. Distilled waters frequently are contaminated with copper; some sewage seeds are relatively inactive. Low results always are obtained with such seeds and waters. Periodically check dilution water quality, seed effectiveness, and analytical technique by making BOD measurements on a mixture of 150 mg glucose/L and 150 mg glutamic acid/L as a ‘‘standard’’ check solution. Glucose has an exceptionally high and variable oxidation rate but when it is used with glutamic acid, the oxidation rate is stabilized and is similar to that obtained with many municipal wastes.

· Alternatively, if a particular wastewater contains an identifiable major constituent that contributes to the BOD, use this compound in place of the glucose-glutamic acid.

· Determine the 5-d 20°C BOD of a 2% dilution of the glucose-glutamic acid standard check solution. Adjust concentrations of commercial mixtures to give 3 mg/L glucose and 3 mg/L glutamic acid in each GGA test bottle.

4. Seeding:

· a) Seed source—It is necessary to have present a population of microorganisms capable of oxidizing the biodegradable organic matter in the sample. Domestic wastewater, unchlorinated or otherwise-undisinfected effluents from biological waste treatment plants, and surface waters receiving wastewater discharges contain satisfactory microbial populations. Some samples do not contain a sufficient microbial population (for example, some untreated industrial wastes, disinfected wastes, high-temperature wastes, or wastes with extreme pH values). For such wastes seed the dilution water or sample by adding a population of microorganisms. The preferred seed is effluent or mixed liquor from a biological treatment system processing the waste. Where such seed is not available, use supernatant from domestic wastewater after settling at room temperature for at least 1 h but no longer than 36 h. When effluent or mixed liquor from a biological treatment process is used, inhibition of nitrification is recommended.

· Some samples may contain materials not degraded at normal rates by the microorganisms in settled domestic wastewater. Seed such samples with an adapted microbial population obtained from the non disinfected effluent or mixed liquor of a biological process treating the waste. In the absence of such a facility, obtain seed from the receiving water below (preferably 3 to 8 km) the point of discharge. When such seed sources also are not available, develop an adapted seed in the laboratory by continuously aerating a sample of settled domestic wastewater and adding small daily increments of waste. Optionally use a soil suspension or activated sludge, or a commercial seed preparation to obtain the initial microbial population. Determine the existence of a satisfactory population by testing the performance of the seed in BOD tests on the sample. BOD values that increase with time of adaptation to a steady high value indicate successful seed adaptation.

· b) Seed control-Determine BOD of the seeding material as for any other sample. This is the seed control. From the value of the seed control and the knowledge of the seeding material dilution (in the dilution water) determine seed DO uptake. Ideally, make dilutions of seed such that the largest quantity results in at least 50% DO depletion. A plot of DO depletion, in milligrams per liter, versus ml of seed for all bottles having a 2-mg/L depletion and a 1.0-mg/L minimum residual DO should present a straight line for which the slope indicates DO depletion per ml of seed. The DO-axis intercept is oxygen depletion caused by the dilution water and should be less than 0.1 mg/L.  Alternatively, divide DO depletion by volume of seed in ml for each seed control bottle having a 2-mg/L depletion and a 1.0-mg/L residual DO. Average the results for all bottles meeting minimum depletion and residual DO criteria. The DO uptake attributable to the seed added to each bottle should be between 0.6 and 1.0 mg/L, but the amount of seed added should be adjusted from this range to that required providing glucose-glutamic acid check results in the range of 198 ± 30.5 mg/L. To determine DO uptake for a test bottle, subtract DO uptake attributable to the seed from total DO uptake. Techniques for adding seeding material to dilution water are described for two sample dilution methods.

5. Sample pre-treatment: 

Check pH of all samples before testing unless previous experience indicates that pH is within the acceptable range.
a) Samples containing caustic alkalinity (pH >8.5) or acidity (pH <6.0)—Neutralize samples to pH 6.5 to 7.5 with a solution of sulfuric acid (H2SO4) or sodium hydroxide (NaOH) of such strength that the quantity of reagent does not dilute the sample by more than 0.5%. The pH of dilution water should not be affected by the lowest sample dilution. Always seed samples that have been pH-adjusted.

b) Samples containing residual chlorine compounds-If possible, avoid samples containing residual chlorine by sampling ahead of chlorination processes. If the sample has been chlorinated but no detectable chlorine residual is present, seed the dilution water. If residual chlorine is present, dechlorinate sample and seed the dilution water. Do not test chlorinated/dechlorinated samples without seeding the dilution water. In some samples chlorine will dissipate within 1 to 2 h of standing in the light. This often occurs during sample transport and handling. For samples in which chlorine residual does not dissipate in a reasonably short time, destroy chlorine residual by adding Na2SO3 solution. Determine required volume of Na2SO3 solution on a 100- to 1000-ml portion of neutralized sample by adding 10 ml of 1 + 1 acetic acid or 1 + 50 H2SO4, 10 ml potassium iodide (KI) solution (10 g/100 ml) per 1000 ml portion, and titrating with Na2SO3 solution to the starch-iodine end point for residual. Add to neutralized sample the relative volume of Na2SO3 solution determined by the above test, mix, and after 10 to 20 min check sample for residual chlorine. (NOTE: Excess Na2SO3 exerts an oxygen demand and reacts slowly with certain organic chloramine compounds that may be present in chlorinated samples.)

c) Samples containing other toxic substances-Certain industrial wastes, for example, plating wastes, contain toxic metals. Such samples often require special study and treatment.

d) Samples supersaturated with DO-Samples containing more than 9 mg DO/L at 20°C may be encountered in cold waters or in water where photosynthesis occurs. To prevent loss of oxygen during incubation of such samples, reduce DO to saturation at 20°C by bringing sample to about 20°C in partially filled bottle while agitating by vigorous shaking or by aerating with clean, filtered compressed air.

e) Sample temperature adjustment-Bring samples to 20 ± 1°C before making dilutions.

f) Nitrification inhibition-If nitrification inhibition is desired add 3 mg 2-chloro-6-(trichloro methyl) pyridine (TCMP) to each 300-ml bottle before capping or add sufficient amounts to the dilution water to make a final concentration of 10 mg/L. (NOTE: Pure TCMP may dissolve slowly and can float on top of the sample. Some commercial formulations dissolve more readily but are not 100% TCMP; adjust dosage accordingly.) Samples that may require nitrification inhibition include, but are not limited to, biologically treated effluents, samples seeded with biologically treated effluents, and river waters. Note the use of nitrogen inhibition in reporting results.

6. Dilution technique: 

· Make several dilutions of sample that will result in a residual DO of at least 1 mg/L and a DO uptake of at least 2 mg/L after a 5-d incubation. Five dilutions are recommended unless experience with a particular sample shows that use of a smaller number of dilutions produces at least two bottles giving acceptable minimum DO depletion and residual limits. A more rapid analysis, such as COD, may be correlated approximately with BOD and serve as a guide in selecting dilutions. In the absence of prior knowledge, use the following dilutions: 0.0 to 1.0% for strong industrial wastes, 1 to 5% for raw and settled wastewater, 5 to 25% for biologically treated effluent, and 25 to 100% for polluted river waters.

· Prepare dilutions either in graduated cylinders or volumetric glassware, and then transfer to BOD bottles or prepare directly in BOD bottles. Either dilution method can be combined with any DO measurement technique. The number of bottles to be prepared for each dilution depends on the DO technique and the number of replicates desired.

· When using graduated cylinders or volumetric flasks to prepare dilutions, and when seeding is necessary, add seed either directly to dilution water or to individual cylinders or flasks before dilution. Seeding of individual cylinders or flasks avoids a declining ratio of seed to sample as increasing dilutions are made. When dilutions are prepared directly in BOD bottles and when seeding is necessary, add seed directly to dilution water or directly to the BOD bottles. When a bottle contains more than 67% of the sample after dilution, nutrients may be limited in the diluted sample and subsequently reduce biological activity. In such samples, add the nutrient, mineral, and buffer solutions directly to individual BOD bottles at a rate of 1 ml/l (0.33 ml/300 ml bottle) or use commercially prepared solutions designed to dose the appropriate bottle size.

a) Dilutions prepared in graduated cylinders or volumetric flasks-If the azide modification of the titrimetric iodometric method  is used, carefully siphon dilution water, seeded if necessary, into a 1- to 2-L-capacity flask or cylinder. Fill half full without entraining air. Add desired quantity of carefully mixed sample and dilute to appropriate level with dilution water. Mix well with a plunger-type mixing rod; avoid entraining air. Siphon mixed dilution into two BOD bottles. Determine initial DO on one of these bottles. Stopper the second bottle tightly, water-seal, and incubate for 5 d at 20°C. If the membrane electrode method is used for DO measurement, siphon dilution mixture into one BOD bottle. Determine initial DO on this bottle and replace any displaced contents with sample dilution to fill the bottle. Stopper tightly, water-seal, and incubate for 5 d at 20°C.

b) Dilutions prepared directly in BOD bottles-Using a wide-tip volumetric pipet, add the desired sample volume to individual BOD bottles of known capacity. Add appropriate amounts of seed material either to the individual BOD bottles or to the dilution water. Fill bottles with enough dilution water, seeded if necessary, so that insertion of stopper will displace all air, leaving no bubbles. For dilutions greater than 1:100 make a primary dilution in a graduated cylinder before making final dilution in the bottle. When using titrimetric iodometric methods for DO measurement, prepare two bottles at each dilution. Determine initial DO on one bottle.

· Stopper second bottle tightly, water-seal, and incubate for 5 d at 20°C. If the membrane electrode method is used for DO measurement, prepare only one BOD bottle for each dilution. Determine initial DO on this bottle and replace any displaced contents with dilution water to fill the bottle.

· Stopper tightly, water-seal, and incubate for 5 d at 20°C. Rinse DO electrode between determinations to prevent cross-contamination of samples.

· Use the azide modification of the iodometric method or the membrane electrode method to determine initial DO on all sample dilutions, dilution water blanks, and where appropriate, seed controls.

· If the membrane electrode method is used, the azide modification of the iodometric method (Method 4500-O.C) is recommended for calibrating the DO probe.

7. Determination of initial DO: 

· If the sample contains materials that react rapidly with DO, determine initial DO immediately after filling BOD bottle with diluted sample. If rapid initial DO uptake is insignificant, the time period between preparing dilution and measuring initial DO is not critical but should not exceed 30 min.

8. Dilution water blank: 

· Use a dilution water blank as a rough check on quality of unseeded dilution water and cleanliness of incubation bottles. Together with each batch of samples incubate a bottle of unseeded dilution water. Determine initial and final DO. The DO uptake should not be more than 0.2 mg/L and preferably not more than 0.1 mg/L. Discard all dilution water having a DO uptake greater than 0.2 mg/L and either eliminate source of contamination or select an alternate dilution water source.

9. Incubation: 

· Incubate at 20°C ± 1°C BOD bottles containing desired dilutions, seed controls, dilution water blanks, and glucose-glutamic acid checks. 
10. Determination of final DO: 

· After 5 d incubation determine DO in sample dilutions, blanks, and checks as described above.
Calculation

For each test bottle meeting the 2.0-mg/L minimum DO depletion and the 1.0-mg/L residual DO, calculate BOD5 as follows:

(a) When dilution water is not seeded: BOD5 (mg/L) = (D1-D2) / P 

(b) When dilution water is seeded: BOD5 (mg/L) = (B1-B2) / P 

where:

D1 = DO of diluted sample immediately after preparation, mg/L,

D2 = DO of diluted sample after 5 d incubation at 20°C, mg/L,
P = decimal volumetric fraction of sample used,

B1 = DO of seed control before incubation, mg/L,

B2 = DO of seed control after incubation mg/L, and

f = ratio of seed in diluted sample to seed in seed control = (% seed in diluted sample)/(% seed in seed control).

If seed material is added directly to sample or to seed control bottles:

f = (volume of seed in diluted sample)/(volume of seed in seed control)

Report results as CBOD5 if nitrification is inhibited.
If more than one sample dilution meets the criteria of a residual DO of at least 1 mg/L and a DO depletion of at least 2 mg/L and there is no evidence of toxicity at higher sample concentrations or the existence of an obvious anomaly, average results in the acceptable range. In these calculations, do not make corrections for DO uptake by the dilution water blank during incubation. This correction is unnecessary if dilution water meets the blank criteria stipulated above. If the dilution water does not meet these criteria, proper corrections are difficult; do not record results or, as a minimum, mark them as not meeting quality control criteria.
Precision and Bias 

There is no measurement for establishing bias of the BOD procedure. The glucose-glutamic acid check is intended to be a reference point for evaluation of dilution water quality, seed effectiveness, and analytical technique. Single-laboratory tests using a 300-mg/L mixed glucose-glutamic acid solution provided the following results:

· Number of months: 14

· Number of triplicates: 421

· Average monthly recovery: 204 mg/L

· Average monthly standard deviation: 10.4 mg/L

In a series of interlaboratory studies,1 each involving 2 to 112 laboratories (and as many analysts and seed sources), 5-d BOD measurements were made on synthetic water samples containing a 1:1 mixture of glucose and glutamic acid in the total concentration range of 3.3 to 231 mg/L. The regression equations for mean value, Ä, and standard deviation, S, from these studies where:

Ä = 0.658 (added level, mg/L) + 0.280 mg/L

S = 0.100 (added level, mg/L) + 0.547 mg/L

For the 300-mg/L mixed primary standard, the average 5-d BOD would be 198 mg/L with a standard deviation of 30.5 mg/L. When nitrification inhibitors are used, GGA test results falling outside the 198 ± 30.5 control limit quite often indicate use of incorrect amounts of seed. Adjust amount of seed added to the GGA test to achieve results falling within this range.

Control limits
Because of many factors affecting BOD tests in multilaboratory studies and the resulting extreme variability in test results, one standard deviation, as determined by interlaboratory tests, is recommended as a control limit for individual laboratories. Alternatively, for each laboratory, establish its control limits by performing a minimum of 25 glucose-glutamic acid checks over a period of several weeks or months and calculating the mean and standard deviation. Use the mean ±3 standard deviations as the control limit for future glucose-glutamic acid checks. Compare calculated control limits to the single-laboratory tests presented above and to interlaboratory results. If control limits are outside the range of 198 ± 30.5, re-evaluate the control limits and investigate source of the problem. If measured BOD for a glucose-glutamic acid check is outside the accepted control limit range, reject tests made with that seed and dilution water.

Working range and detection limit

The working range is equal to the difference between the maximum initial DO (7 to 9 mg/L) and minimum DO residual of 1 mg/L multiplied by the dilution factor. A lower detection limit of 2 mg/L is established by the requirement for a minimum DO depletion of 2 mg/L.
2.3.5 Nitrogen 

Sampling

Samples used for the determination of nitrogen can be either grab or composite.  The type of sample used will depend on the monitoring requirements, plant operating procedures and the testing and sample storage capabilities of individual plants. Samples should be collected from well-mixed areas in the process flow so that they are representative of the total flow.

Sample Preservation

Most reliable results are obtained using freshly collected samples.  However, if samples must be held, residual chlorine should be removed by adding Sodium thiosulfate immediately after collection.  Acidify the sample to less than pH 2 with sulfuric acid and cool to 4°C.  Acidified and cooled samples may be held for up to 28 days. If the test is run immediately, no preservative is required.

Sample containers

Special sampling devices and storage containers are not necessary for nitrogen testing. Sampling devices should draw from well-mixed areas of tanks or pipes, be made of resistant materials that will not rust or corrode, be capable of taking samples that are proportional to the plant’s flow, and be easily and thoroughly cleaned.

Ammonia Nitrogen

1. Distillation step

When ammonia gas is dissolved in water, it will react with the water to form some ammonium ions. Depending upon the pH of the solution, the ratio of ammonia to ammonium will vary.  At a higher pH, there is more ammonia.  At a lower pH, there is more ammonium.

In the distillation procedure, the sample pH is raised to 9.5 and the ammonia gas formed is removed by distillation.  The ammonia gas is then absorbed in an acid solution where it is converted back to ammonium. The distillation removes the ammonia from the sample and leaves substances that may interfere with the analysis behind.

Equipment

a) Distillation apparatus consisting of:

- 500 or 800 ml Kjeldahl flasks

- Connecting bulbs

- Vertical condensers

- Hot plates

- 300 ml receiving beakers or flasks

b) pH meter

Reagents
(a) Ammonia free distilled water

(b) Borate buffer solution 

(c) Sodium hydroxide solution 6 N

(d) Sodium thiosulfate solution

(e) Sodium hydroxide 1 N

(f) Sulfuric acid 1 N

(g) Boric acid absorbing solution

(h) Sulfuric acid absorbing solution 0.04 N

Reagent Preparation

(a) Borate buffer solution 

Add 88 ml of 0.1 N Sodium hydroxide (4g NaOH/L) to 500 ml 0.025M Sodium tetraborate (Na2B4O7) solution (5.0 g Na2B4O7 or 9.5 gm Na2B4O7.10 H2O/L) and dilute to 1 L.

(b) Sodium hydroxide solution 6 N

Dissolve 240 grams of sodium hydroxide (NaOH) in 1 liter of ammonia free water.

(c) Sodium thiosulfate solution

Dissolve 3.5 grams Sodium thiosulfate pentahydrate (Na2S2O3.5 H2O) in ammonia free water and dilute to 1 L.  Prepare fresh weekly.

(d) Sodium hydroxide 1 N

Dissolve 40 grams of Sodium hydroxide (NaOH) in ammonia free water and dilute to 1 L.

(e) Sulfuric acid 1 N

Carefully pour 28 ml of concentrated Sulfuric acid (H2SO4) into 500 ml of ammonia free water.  Dilute to 1 L.

(f) Boric acid absorbing solution

Dissolve 20 g of Boric acid (H3BO3) in ammonia free water and dilute to 1 L.

(g) Sulfuric acid absorbing solution 0.04 N

Dilute 1.0 ml of concentrated Sulfuric acid (H2SO4) in 1 L of ammonia free water.

Procedure

· Add 500 ml of ammonia free distilled water and 20 ml borate buffer to a distillation flask and adjust the pH to 9.5 with 6N NaOH solution. Add a few glass beads or boiling chips.

· Attach the flask to the distillation unit and distill until the distillate shows no trace of ammonia.  

· Leave the distillation unit assembled until ready to attach the distillation flask containing the sample.

· Measure out 500 ml of dechlorinated sample or an aliquot of sample diluted to 500 ml with ammonia free distilled water.

Note: Remove residual chlorine by adding sufficient Sodium thiosulfate solution to just neutralize the residual chlorine in the sample. Use 1 ml to remove 1 mg/L residual chlorine in a 500 ml sample. If necessary, neutralize the sample to approximately pH 7 with either the 1 N Sodium Hydroxide or 1 N Sulfuric acid solution.

· Add 25 ml Borate buffer solution to the solution.

· Adjust sample pH to 9.5 with 6 N Sodium hydroxide.

· Place sample in distillation flask and add several glass beads.

· Measure 50 ml of Boric acid absorbing solution into 300 ml receiving beaker or flask.

Note: Use 0.04 N Sulfuric acid as the absorbing solution for samples to be tested by the ammonia specific ion electrode method.

· Place sample flask on the distillation apparatus and adjust heat to provide a distillation rate of 6 to 10 ml per minute and collect at least 200 ml of distillate.

Note: Be sure the tip of the condenser is below the surface of the absorbing solution in the receiving beaker or flask.

· Lower the receiving flask until the condenser is free of absorbing solution and allow the distillation to continue 2 to 3 minutes longer. 

· Dilute to 500 ml with ammonia free distilled water.

· Determine the ammonia concentration of the distillate.

Total Kjeldahl Nitrogen 

Equipment

1. Kjeldahl digestion apparatus

2. Heating unit capable of heating a 250 ml sample from 25°C to boiling within 5 minutes

3. Fume hood or exhaust fume ejector

4. Equipment for distillation and measurement of ammonia nitrogen

Reagents

1.
Kjeldahl digestion reagent consisting of:

- Concentrated Sulfuric acid

- Potassium Sulfate

- Mercuric Oxide

2.
Phenolphthalein indicator

3.
Sodium hydroxide - Sodium thiosulfate reagent

4.
Borate buffer solution

5.
Sodium hydroxide  6 N

6.
Reagents for distillation and measurement of Ammonia nitrogen

Reagent Preparation

1.
Kjeldahl Digestion Reagent 

Dissolve 134 g of Potassium sulfate (K2SO4) in 650 ml of ammonia free water and add 200 ml of concentrated Sulfuric acid.  Add, with swirling, a solution of 2 g Mercuric oxide (HgO) in 25 ml 6N H2SO4.  Dilute the combined solution to 1 L with ammonia free water. Do not refrigerate.

2.
Sodium hydroxide - Sodium thiosulfate reagent

Dissolve 500 g of Sodium hydroxide (NaOH) and 25 g of Sodium thiosulfate pentahydrate (Na2S2O3.5 H2O) in ammonia free water and dilute to 1 L.

3.
Borate buffer solution

See Distillation reagents above.

4.
Sodium hydroxide 6 N

See Distillation reagents above.

Procedure

1. Select an appropriate volume of sample to be placed in the 500 to 800 ml Kjeldahl digestion flask.

	Expected TKN concentration (mg/L)
	ml of sample to use

	0
to
1
	500 (use 800 ml flask)

	1
to
10
	250

	10
to
20
	100

	20
to
50
	50

	50
to 
100
	25


Dilute if necessary to 300 ml with ammonia free distilled water.

2. Carefully add 50 ml of digestion reagent.  If large amounts of organic matter are present, an additional 50 ml of reagent must be added per gram of organic matter. (This may be estimated from volatile solids information).

3. Mix thoroughly. (Incomplete mixing can cause bumping during the digestion and may result in glassware breaking or loss of sample).

4. Add several glass beads of boiling chips to the flask.

5. Place flask on digestion apparatus and heat to boiling and continue boiling until you see the formation of dense white fumes (SO2).

6. Continue to digest the sample for 30 minutes more. As the digestion continues, colored or turbid samples will turn clear or straw colored.

7. Cool the flask and dilute the sample with 300 ml of ammonia free distilled water. Mix.

8. Add 0.5 ml phenolphthalein indicator.

9. Tilt the digestion flask and carefully add a sufficient amount of sodium hydroxide - thiosulfate reagent to form an alkaline layer (pink zone) in the bottom of the flask.  Usually 50 ml of reagent is needed for every 50 ml of digestion reagent used.

10. Connect the flask to the distillation apparatus, mix thoroughly and distil 200 ml of distillate into a boric acid absorbing solution.  

11. Determine Total Kjeldahl Nitrogen as ammonia, as described above or by ion selective electrode method.  

2.3.6 Chlorides 

General

Chloride is determined in a neutral or slightly alkaline solution by titration with standard silver nitrate (AgNO3), using potassium chromate (K2CrO4) as indicator. Silver chloride is quantitatively precipitated before red silver chromate is formed.

Apparatus

· Erlenmeyer flask, 250ml.
· Buret, 50ml.

Reagents

· Potassium chromate indicator solution. Preparation: Dissolve 50g K2CrO4 in a little distilled water. Add AgNO3 solution until a definite red precipitate is formed. Let stand 12h and dilute to 1L with distilled water.

· Standard silver nitrate titrant, 0.0141M (0.0141N). Preparation: Dissolve 2.395g AgNO3 in distilled water and dilute to 1000ml. Standardize against NaCl and store in a brown bottle.

· Standard Sodium Chloride, 0.0141M (0.0141N). Preparation: Dissolve 824mg NaCl in distilled water and dilute to 1000ml.

Procedure

Sample preparation

Use a 100ml sample or a suitable portion diluted to 100ml. If the sample is highly colored, add 3 ml Al(OH)3 suspension, mix, let settle and filter.

Titration

Directly titrate samples in the pH range 7 to 10. Adjust sample pH to 7-10 with H2SO4 or NaOH if it is not in this range. For adjustment, preferably use a pH meter with a non-chloride-type reference electrode. Add 1 ml K2CrO4 indicator solution. Titrate with standard AgNO3 titrant to a pinkish yellow end point. Be consistent in end-point recognition. Standardize AgNO3 titrant and establish reagent blank value by the titration method outlined above. A blank of 0.2 to 0.3 ml is usual.  
 

Calculation

Cl- (mg/l) = [ (V1 – V2) x N x 35.450] / V3

where: V1= volume of silver nitrate required by the sample (ml)


V2= volume of silver nitrate required by the blank (ml)

V3= volume of sample (ml)


 N= normality of AgNO3
2.3.7 Sulfates  

Sampling

Samples must be collected in glass or plastic containers. The sample can be preserved up to 7 days in a refrigerator (4oC). Prior to the analysis, the samples must be at room temperature. 

Apparatus

· Magnetic Stirrer (Use a constant stirring speed.)

· Photometer. One of the following (with preference in the order given):

· Nephelometer, 

· Spectrophotometer for use at 420nm, providing a light path of 2.5 to 10cm, 

· Filter Photometer, equipped with a violet filter having maximum transmittance near 420 nm and providing a light path of 2.5 to 10cm. 

· Stopwatch or electric timer

· Measuring spoon, capacity 0.2 to 0.3 ml. 

Reagents

· Buffer solution A: Dissolve 30g magnesium chloride MgCl2.6H2O, 5g sodium acetate CH3COONa.3H2O, 1 g potassium nitrate KNO3 and 20ml acetic acid CH3COOH (99%), in 500 ml distilled water and make up to 1000 ml. 

· Barium Chloride, BaCl2, crystals, 20 to 30 mesh.
· Standard sulfate solution, prepared as described either in (a) or (b) below: 
(a) Dilute 10.4 ml standard 0.02N H2SO4 titrant to 100 ml with distilled water.

(b)  Dissolve 0.1479g anhydrous Na2SO4 in distilled water and dilute to 1000 ml.

Procedure

· Formation of barium sulfate turbidity: Measure 100 ml sample, or a suitable portion made up to 100 ml, into a 250ml erlenmeyer flask. Add 20 ml buffer solution and mix in stirring apparatus. While stirring, add a spoonful of BaCl2 crystals and begin timing immediately. Stir for 60 +/- 2 s at constant speed. 

· Measurement of barium sulfate turbidity: After stirring period has ended, pour solution into absorption cell of photometer and measure turbidity at 5 +/- 0.5 min. 

· Preparation of calibration curve: Estimate SO42- concentration in sample by comparing turbidity reading with a calibration curve prepared by carrying SO42- standards through the entire procedure. Space standards at 5mg/L increments in the 0 to 40mg/L SO42- range. Above 40 mg/L accuracy decreases. Check reliability of calibration curve by running a standard with every three or four samples. 

· Correction for sample color and turbidity: Correct for sample color and turbidity by running blanks to which BaCl2 is not added. 

Calculation

SO42- (mg /L) = mg SO42- x 1000/ml sample 

(SO42- concentration is determined directly from the calibration curve after subtracting sample absorbance before adding BaCl2)

2.3.8 Phosphorus 

Sampling

Samples used for the determination of phosphorus can be either grab or composite.  The type of sample used will depend on the monitoring requirements, plant operating procedures and the testing and sample storage capabilities of individual plants. Samples should be collected from well-mixed areas in the process flow so that they are representative of the total flow.

Sample Containers

Special sampling devices and storage containers are not necessary for phosphorus testing.  Sampling devices should draw from well-mixed areas of tanks or pipes, be made of resistant materials that will not rust or corrode, be capable of taking samples that are proportional to the plant’s flow, and be easily and thoroughly cleaned.

Storage containers should be made of corrosion resistant material that can stand repeated refrigeration. These containers should have leak-proof tops.  Do not store low concentration samples in plastic bottles since phosphorus may be adsorbed on the container walls.

Rinse all sampling containers with diluted (1 + 1) hydrochloric acid. Then rinse 3 times with distilled water.

Note: Never use commercial detergents for cleansing any glassware used in the storage or analysis of samples for phosphorus determination.

Digestion step

Since phosphorus exists in several distinct forms in wastewater samples and the approved test method measures only the orthophosphate form, pretreatment methods have been developed to convert the various forms of phosphate-phosphorus to the orthophosphate form.  If the only determination to be made is Total Phosphate-Phosphorus, the sample is digested to convert both the polyphosphate and the organic phosphate to the ortho form at the same time.  If the analyst must test for the various types of phosphate, an acid-hydrolysis must be performed. Since this is not required for most facilities, it is not included in this text.

Equipment

1.
Hot plate

2.
Tongs or gloves

3.
Scoop (0.4 g capacity)

4.
125 ml Erlenmeyer flasks (acid washed)

5.
50 ml graduated cylinders (acid washed)

Reagents

1.
Phenolphthalein indicator

2.
Sulfuric acid solution

3.
Ammonium persulfate, crystal

4.
Sodium hydroxide, 1 N

Preparation of Reagents

1.
Sulfuric acid digestion reagent

Carefully add 300 ml concentrated Sulfuric acid to approximately 600 ml distilled water and dilute to 1 L with distilled water.

2.
Sodium hydroxide 1 N

Dissolve 40 g of Sodium hydroxide pellets in distilled water.  Cool and dilute to 1 L.

Laboratory Procedure

· Measure 50 ml or an appropriate amount of sample diluted to 50 ml with distilled water.

· Add 1 drop phenolphthalein indicator.  If a red color develops, add sulfuric acid solution until color just disappears.

· Add 1 ml of sulfuric acid solution and 0.4 g of ammonium persulfate.  

· Boil gently for 30 to 40 minutes or until the total volume is 10 ml.

· Cool, add 1 drop of phenolphthalein and neutralize to a faint pink color with 1 N sodium hydroxide.

· Make up to 50 ml with distilled water.  The digested sample is then tested for total phosphate, byone of three methods described below. (Note: If precipitate forms, do not filter.)

(a) The ascorbic acid method (E) is more suited for the range of 0.01 to 6 mg P/L. An extraction step is recommended for the lower levels of this range and when interferences must be overcome. 

(b) The vanadomolybdophosphoric acid method (C) is most useful for routine analysis in the range of 1 to 20 mg P/L. 

Careful attention to procedure may allow application of these methods to very low levels of phosphorus, such as those found in unimpaired fresh water.

Ascorbic Acid method

Equipment

1. Spectrophotometer with an infrared phototube for use at 880 nm with a light path of at least 2.5 cm (1 in)

2. Acid washed glassware

3. An analytical balance capable of weighing to 0.1 mg accuracy

Reagents

1.
Sulfuric acid solution 5 N

2.
Potassium antimonyl tartrate solution

3.
Ammonium molybdate Solution

4.
Ascorbic acid solution

5.
Combined reagent

6.
Standard phosphate solution

Preparation of the reagents 

1.
Sulfuric acid solution  5 N

Dilute 70 ml of concentrated Sulfuric acid to 500 ml with distilled water  (add acid to water, carefully).

2.
Potassium antimonyl tartrate solution

Dissolve 1.3715 gm of Potassium antimonyl tartrate in 400 ml of distilled water in a 500 ml volumetric flask and dilute to 500 ml.  Store in a glass stoppered bottle.

3.
Ammonium molybdate solution

Dissolve 20 g of Ammonium molybdate in 500 ml of distilled water.  Store in a glass stoppered bottle.

4.
Ascorbic acid solution 0.1 M

Dissolve 1.76 g of Ascorbic acid in 100 ml of distilled water.  Store at 4°C and discard after 1 week.

5.
Combined reagent

To prepare 100 ml of combined reagent, combine the following reagents and mix thoroughly after each addition.

- 50 ml 5 N Sulfuric acid

- 5 ml Potassium antimonyl tartrate solution

- 15 ml Ammonium molybdate solution

- 30 ml Ascorbic acid solution

Reagents must be added in the order listed.  All reagents must be at room temperature before mixing.  If turbidity occurs, shake the reagent and let stand until turbidity clears.

The combined reagent is stable for only 4 hours.

6.
Stock Phosphate Solution

Dissolve 219.5 mg of anhydrous potassium dihydrogen phosphate in distilled water and dilute to 1 L.  This yields a concentration of 50 mg/L.

7.
Standard Phosphate Solution

Dilute 10 ml of the stock solution to 100 ml with distilled water.  This yields a concentration of 5.0 mg/L.

Procedure

1. Pipette 50.0 ml or an appropriate amount diluted to 50 ml of digested sample into an acid cleaned, dry 125 ml Erlenmeyer flask.
2. Add 1 drop of phenolphthalein indicator.  If a red color develops, add 5 N sulfuric acid until the color disappears.
3. Add 8.0 ml of combined reagent and mix thoroughly.

4. Allow at least 10 minutes (but not more than 30 minutes) for colour development.

5. Measure absorbance at 880 nm using a reagent blank to zero the spectrophotometer.

The reagent blank is made using 50 ml of distilled water carried through the digestion step and ascorbic acid procedure.

In highly colored or turbid samples, prepare a sample blank by adding all the reagents to the sample except the ascorbic acid and potassium antimonyl tartrate.  Subtract the absorbance of this blank from the absorbance of the sample.

6. Check the sample’s absorbance against the calibration curve and determine the concentration.  Correct for dilution.

Calibration Curve

Since the phosphate concentration is measured as a function of absorbance, a standard curve of absorbance versus known phosphate concentrations must be prepared. Six standard phosphorus concentrations and distilled water blank are treated with the same digestion procedures as the samples. These 6 values are used to plot absorbance versus phosphate concentration to give a straight line passing through the origin.

Prepare 6 dilutions of the 5.0 mg/L Phosphate standard to result in the following final concentrations:

	Final conc.
	Volume of std.
	final vol. in flask

	0.1 mg/L

0.2 mg/L

0.4 mg/L

0.6 mg/L

0.8 mg/L

1.0 mg/L
	1.0 ml

2.0 ml

4.0 ml

6.0 ml

8.0 ml

10.0 ml
	50.0 ml

50.0 ml

50.0 ml

50.0 ml

50.0 ml

50.0 ml


Perform the Total Phosphorus procedure including the digestion step and colour development. Record the absorbance for each concentration and plot the curve. At least one standard phosphate concentration must be included with each batch of samples as a check on the calibration curve.  Prepare a new curve every six months.

Calculation 

Determine the final concentration of the sample using the following equation:

mg/L P  =  mg/L from the curve x 50 ml, divided by initial volume used (ml). 

2.3.9 Suspended Solids

Sampling

There are no special field sampling concerns associated with this parameter other than those described in the section on basic sampling techniques. It is especially important for this parameter that the sample is collected from undisturbed water. Samples are collected in either glass or plastic bottles. It is better to analyze immediately, but if that is not possible, the samples must be preserved refrigerated (4(C) for 24 hours. 

Equipment

1.
Glass filtering apparatus with vacuum pump  

2.
Glass fiber filters (Millipore AP40 or equivalent)
3.
Drier apparatus (temperature 103 - 105 οC) 
Procedure

1. Prepare glass fiber filters by first soaking them in distilled water, drying them at 103o C, weighing and recording their weights. 

2. Place the dried weighed glass fiber filter into the filtering apparatus. Shake the sample bottle first, then pour in the water and turn on the pump. (The amount of water needed to filter may change according to water conditions. Start with 100 ml. Use less volume if the filter gets clogged too quickly and more if the water filters through very fast.) Record the volume of water filtered. 

3. Dry the filter at 103 to 105o C, let it cool to room temperature, and weigh it. Dry it, cool it, and weigh it again. Continue until the fiber reaches a constant weight. Record the end weight. 

The increase in weight represents TSS. TSS are calculated by using the equation below:

TSS (mg/L) = ([A-B]*1000)/C,

where:

A = End weight of the filter

B = Initial weight of the filter

C = Volume of water filtered

2.3.10 Fats, Oils and Greases 

General

Gravimetric method is used for the determination of dissolved or emulsified fats, oils and greases from wastewater by intimate contact with an extracting solvent. 

Sampling

Collection of a grab sample in a wide–mouth glass bottle that has been washed with soap, rinsed with water and finally rinsed with solvent to remove any residues. The sample container should not be overfilled and the sample should not be subdivided in the laboratory. Sample preservation is required if analysis is to be delayed for more than 2 hours: acidification to pH < 2with either 1:1 HCl or 1:1 H2SO4 and refrigeration. 

Apparatus 

1. Separatory funnel  

2. Distilling flask

3. Liquid funnel, glass

4. Filter paper (Whatman No.40 or equivalent)

5. Centrifuge, capable of spinning at least four 100-ml glass centrifuge tubes at 2400rpm or more.

6. Centrifuge tubes, glass, 100ml. 

7. Water bath. 

8. Vacuum pump.

9. Distilling adapter with drip tip, or other solvent recovery equipment.  

10. Ice bath.


11. Waste receptacle, for used solvent.

12. Desiccator.

Reagents

13. HCl or H2SO4, 1:1 (Mix equal volumes of acid and reagent water)

14. n-Hexane (boiling point 69oC). The solvent should not any measurable residue on evaporation.   

15. Methyl-tert-butyl ether (MTBE) (boiling point 55-56oC). The solvent should not any measurable residue on evaporation.

16. Sodium sulfate (Na2SO4), anhydrous, crystal

Solvent mixture: 80% n-hexane/ 20% MTBE v/v. 

Procedure

· If sample brought to the laboratory has not been acidified previously, acidify with 1:1 H2SO4 to pH < 2. 

· Using liquid funnel, transfer sample to a separatory funnel. Carefully rinse sample bottle with 30 ml solvent mixture and add solvent washings to separatory funnel. 

· Shake vigorously for 2 min. Let layers separate. Drain aqueous layer and small amount of organic layer into original sample container. Drain solvent layer through a funnel containing a filter paper and 10g Na2SO4, both of which have been solvent-rinsed, into a clean, tared distilling flask. 

· If a clear solvent layer cannot be obtained and an emulsion of more than about 5ml exists, drain emulsion and solvent layers into a glass centrifuge tube and centrifuge for 5min at 2400rpm. Transfer centrifuged material to an appropriate separatory funnel and drain solvent layer through a funnel with a filter paper and 10g Na2SO4, both of which have been solvent-rinsed, into a clean, tared distilling flask. Recombine aqueous layers and any remaining emulsion or solids in separatory funnel. 

· For samples with <5ml of emulsion, drain only the clear solvent through a funnel with pre-moistened filter paper and 10g Na2SO4. Recombine aqueous layers and any remaining emulsion or solids in separatory funnel. 

· Extract twice more with 30ml solvent each time, but first rinse sample container with each solvent portion. Repeat centrifugation step if emulsion persists in subsequent extraction steps.

· Combine extracts in tarred distilling flask, and include in flask a final rinsing of filter and Na2SO4 with an additional 10 - 20 ml solvent. 

· Distill solvent from flask in a water bath at 85°C for either solvent system. To maximize solvent recovery, fit distillation flask with a distillation adapter equipped with a drip tip and collect solvent in an ice bath cooled receiver.

· When visible solvent condensation stops, remove flasks on top of cover, with water bath still at 85°C, for 15min. Draw air through flask with an applied vacuum for the final 1 min. Cool in desiccator for at least 30 min and weigh. 

· To determine initial sample volume, weigh empty container and cap and calculate the sample volume by difference form the initial weight. 

Calculations 

mg fats, oil and greases/L = [(A-B).1000]/ ml sample, 

where: A = weight of tared flask, B = calculated residues from solvent blank  

2.3.11 Metals 

Sampling 

The most appropriate sample containers are made of quartz or TFE. Because these containers are expensive, the preferred sample container is made of polypropylene or linear polyethylene with a polyethylene cap. Borosilicate glass containers may be used, but soft glass containers should be avoided. 

Preservation of sample should consist of acidification with concentrated nitric acid (HNO3) to pH <2. After acidification, the sample should be stored in a refrigerator at 4°C, to prevent change in volume due to evaporation. Under these conditions, samples with metal concentrations can be preserved for up to 6 months, (except for Hg, for which the limit is 5 weeks).

Preliminary treatment of samples

Before spectrometric analysis, samples generally require digestion with concentrated HNO3, so that the metal compounds transform into an appropriate form, determinable by atomic absorption spectrometry.

Procedure: Atomic Absorption Spectrometry

Principle: In AAS, a sample is aspirated into a flame and atomized. A light beam is directed through the flame, into a monochromator, and onto a detector that measures the amount of light absorbed by the atomized element in the flame. Because each metal has its own characteristic absorption wavelength, a source lamp composed of that element is used; this makes the method relatively free from spectral or radiation interferences. The amount of energy at the characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample over a limited concentration range. 

Apparatus

1.
Atomic Absorption Spectrometer and associated equipment 

2.
Lamps (one lamp for each element being measured)

Reagents

1. Air: cleaned and dried through a suitable filter to remove oil, water and other foreign substances.

2. Acetylene

3. Metal-free water 

4. Standard Solutions. 

Preparation of Standard Solutions: Prepare standard solutions of known metal concentrations in water with a matrix similar to the sample. Use standards that bracket expected sample concentration and are within the method’s working range. Very dilute standards should be prepared daily from stock solutions in concentrations greater that 500mg/L. Stock standard solutions are available from a number of commercial suppliers. The preparation of the Standard Solutions in the optimum concentration range is accomplished by appropriate dilution of the stock metal solutions with water containing 1.5ml concentrated HNO3.    

Procedure

· Gas flow (protoxide, acetylene and air for Al, just acetylene and air for the rest), and selection of the appropriate burner. 

· Turning on of instrument by inserting diskette. 

· Introduction of lamp of the metal to be measured. 

· Adjustment of the appropriate wavelength and slit width, according to the manufacturer’s instructions. 

· Allow 10-20 min. for stabilization of the lamp. 

· Adjustment of acetylene gas flow according to the manufacturer’s instructions. 

· Optimization of the instrument by adjusting the lamp’s position and the wavelength. 

· Adjustment of the burner’s position according to the beam of light. 

· Ignition of lamp. 

· Optimization of the signal by adjusting it to zero at the instrument and checking its sensitivity for the element to be measured. 

· Calibration of the instrument, creating the standard line for each element using the standard solutions. 

· Measurement of samples (in case the results are out of the standard line, the samples are diluted appropriately and measured again). 

· Rinse the instrument with distilled water for about 20 min. 

· Close down of the instrument and gas cylinders. 

The wavelength, the instrument’s detection limits as well as the concentration range are presented to the following table. 

Table 2.3: Atomic Absorption Spectrometry Data   

	Element 
	Wavelength 
	Gas
	Instrument’s Detection Limit (mg/l)
	Sensitivity  (mg/l)
	Concentration Range (mg/l)

	Ag
	328.1
	A-Ac
	0.01
	0.06
	0.1-4

	Al
	309.3
	N-Ac
	0.1
	1
	5-100

	Cd
	228.8
	A-Ac
	0.002
	0.025
	0.05-2

	Co
	240.7
	A-Ac
	0.03
	0.2
	0.5-10

	Cr
	357.9
	A-Ac
	0.02
	0.1
	0.2-10

	Cu
	324.7
	A-Ac
	0.01
	0.1
	0.2-10

	Fe
	248.3
	A-Ac
	0.02
	0.12
	0.3-10

	Ni
	232.0
	A-Ac
	0.02
	0.15
	0.3-10

	Pb
	283.3
	A-Ac
	0.05
	0.5
	1-20

	Zn
	213.9
	A-Ac
	0.005
	0.02
	0.05-2

	V
	318.4
	N-Ac
	0.005
	0.02
	0.05-2


Note: Mercury is measured by with the cold-vapor atomic absorption method. 

2.3.12 Total Coliforms and E.coli

General 
Method:
Membrane Filtration 
Material:
Chromocult Coliform Agar, MERCK

Incubation: 
35°C, 24 hours

Confirmation: Tryptone water, MERCK (Indole test for E.Coli)

Incubation:
44 + 0.5°C, 21 + 3 hours

The composition of Chromocult Coliform Agar (combination of suitable peptones and the buffering using MOPS) allows rapid growth of coliforms and an optimal transformation of the chromogenic substrates. The amount of bile salts and propionate largely inhibit growth of Gram-positive and Gram-negative accompanying flora.

The simultaneous detection of total coliforms and E.coli is achieved using the combination of two chromogrenic substrates. The substrate Salmon™-β-D-GAL is split by β-D-galactosidase, characteristic for coliforms, resulting in a salmon to red colouration of coliform colonies. The detection of the β-D-glucuronidase, characteristic for E.coli, is cleaved via the substrate X-β-D-glucuronide, causing a blue colouration of positive colonies.

As E.coli splits Salmon™-β-D-GAL as well as X-β-D-glucuronide, the colonies turn to a dark violet colour and can be easily differentiated from the other coliforms being salmon-red. 

Typical Composition (g/litre)

Peptone 5.0; potassium chloride 7.5; MOPS 10.0; bile salts 1.15; propionate 0.5; Agar-Agar 10.0; 6-Chloro-3-indoxyl-beta-D-galactopyranoside 0.15; isopropyl-beta-D-thiogalactopyrano- side 0.1; 5-bromo-4-chloro-3-indoxyl-beta-D-glucuronic acid 0.1.

Preparation

Suspend 34.5 g in 1000 ml of demin. water and heat to boiling with frequent agitation until completely dissolved (approximately 45 minutes).

Note: Do not autoclave and do not overheat.


The medium is cooled to 45-50 °C (appearance of a precipitate if exceeding 2 hours) and poured into plates.

pH: 7.0 ± 0.2 at 25 °C


The plates are clear and colorless. When stored at +4 °C ± 2 °C, the shelf life of plates is 2 weeks.

Sample Preparation

To eliminate interference between the coloration of colifirms/E.coli and the sample (e.g. low pH) it is recommended to use a 1:10 dilution of the sample into a buffered solution (e.g. Peptone Water buffered or Sodium chloride peptone broth buffered).

Application

Inoculate the medium using the pour-plate-method, surface spreading or membrane-filter-technique. The type of membrane filter affects the performance of the medium (growth and colouration of colonies). Best results were obtrained using membrane filters of cellulose-mixed-ester material, e.g. Gelman GN-8 (OSSMER, 1999).

Incubation:  24 hours at 35-37 °C.

Results 
E.coli: dark blue to violet colonies (Salmon™-β-D-GAL and X-β-D-glucuronide reaction). Some E.coli (3-4 %) are β-glucuronidase-negative and grow as salmon-red colonies, e.g. E.coli O157 strains.

Total coliforms: Salmon to red colonies (Salmon™-β-D-GAL reaction) and dark blue to violet colonies (E.coli).

Accompanying flora: colourless/ turquoise colonies.
2.3.13  Faecal Coliform

General

The standard test carried out to determine faecal coliform densities is the multiple tube fermentation technique. When multiple tubes are used in the fermentation technique, results of the examination of replicate tubes and dilutions are reported in terms of the Most Probable Number (MPN) of organisms present. This number is an estimate of the mean density of coliforms in the sample. The technique involves the initial test which is presumptive because the acid and gas (or growth/no growth, respectively) reactions may be caused by organisms other than those beings selected (i.e. faecal in origin, or not). Presumptive tubes are confirmed by additional tests using confirmatory and differential media. The presence of gas, indicative of the characteristics that define coliforms, are termed ‘positive results’. Positive results in tubed media of the confirmed test for the specific indicator are used to estimate, with the aid of probability tables, the MPN of indicator bacteria in the original sample. 

Apparatus

· Incubator(s) or water-baths capable of maintaining a temperature to within ± 0.5 ºC of 35 and 37 ºC and to within ± 0.25 ºC of 44 and 44.5 ºC. The choice of temperature depends on the indicator bacteria and the medium. 

· Autoclave for sterilising glassware and culture media. The size required depends on the volume of work to be undertaken. A capacity of 100-150 litres would be required for a medium-size laboratory undertaking work on a routine basis.

· Distillation apparatus, with storage capacity for at least 20 litres of distilled water.

· Laboratory balance, accuracy ± 0.05 g, with weighing scoop. This may be omitted if culture media and potassium dihydrogen phosphate are available in pre-weighed packages of the proper size.
· Racks for tubes and bottles of prepared culture media and dilution water. These must fit into the autoclave.

· Pipettes, reusable, glass, 10-ml capacity graduated in 0.1-ml divisions, and 1-ml capacity graduated in 0.01-ml divisions.
· Test-tubes, 20 × 150 mm for 10 ml of sample + 10 ml of culture medium, with metal slip-on caps.

· Bottles, with loose-fitting caps, calibrated at 50 and 100 ml, for 50 ml of sample + 50 ml of culture medium.
· Measuring cylinders, unbreakable plastic or glass, capacity 100, 250, 500 and 1,000 ml.

· Test-tube racks to hold tubes in incubator and during storage.

· Thermometer for checking calibration of incubator or water-bath.
· Refrigerator for storage of prepared culture media.

· Hot-air steriliser for sterilising pipettes.
· Bunsen burner or alcohol lamp.

· Durham tubes, 6 × 30 mm

· Pipette cans for sterilising pipettes.

· Flasks for preparation of culture media.
· Wash-bottle.

· Pipette bulbs.

· Wire loops for inoculating media, and spare wire.
Reagents

Culture medium: 

Beef extract



4.5g

Polypeptone



150g

Glucose 



7.5g

NaCl




7.5g

NaN3




0.2g

Sample 



1 l

PH must be 7.2 + 0.2 at 250C after sterilization.  

Pfizer Selective enterococcus (PSE) agar: 

Peptone C




17.0g

Peptone Β




3.0g

Yeast extract




5.0g

Bacteriological bile



10.0g

NaCl





5.0g

Sodium Citrate 



1.0g

Esculin




1.0g





Yellow ammoniacal  ferrous

0.5g

NaN3





0.25g

Agar





15.0g

Sample 




1 l

Procedure

1. Prepare the required number of tubes of culture medium. 
2. Select and prepare a range of sample dilutions; these will normally be suggested by experience. To prepare a 1/10 dilution series, mix the sample bottle well. Pipette 10 ml of sample into a dilution bottle containing 90 ml of phosphate-buffered dilution water. To prepare a 1/100 dilution, mix the 1/10 dilution bottle well and pipette 10 ml of its contents into a bottle containing 90 ml of dilution water. Subsequent dilutions are made in a similar way. Alternatively, 1 ml of sample may be added to a bottle containing 9 ml of dilution water.

3. Pipette the appropriate volumes of sample and diluted sample into the tubes of medium.

4. Label the tubes with the sample reference number, the dilution and the volume of sample (or dilution) added to the tube. Shake gently to mix the sample with the medium. Place the rack in an incubator or water-bath for 48 hours at 35 ± 0.5 ºC or 37 ± 0.5 ºC.

5. After 18 or 24 hours, note which tubes show growth. Tubes that show turbidity and gas production, or a colour change indicating the production of acid (if the medium contains a pH indicator), are regarded as positive. Record the number of positive tubes at each dilution. Return the tubes to the incubator and re-examine after a total of 48 hours of incubation. Continue with the next step of the procedure.

6. Prepare the required number of tubes of confirmation culture medium. Using a sterile wire loop, transfer inocula from positive tubes into the confirmation medium. Sterilise the loop between successive transfers by heating in a flame until it is red hot. Allow it to cool before use. Label these tubes carefully with the same code used in the presumptive test and incubate them for 24 hours at 44 ± 0.5 °C 

7. After the prescribed incubation time, note which tubes show growth with the production of gas, and record the number of positives for each sample dilution.

8. Compare the pattern of positive results with a most probable number.  

2.3.14 Chlorophyll a

General

Analysis of the photosynthetic chlorophyll pigment present in aquatic algae is an important biological measurement which is commonly used to assess the total biomass of algae present in water samples. 

Three types of chlorophyll (chlorophyll a, b, and c) are found in phytoplankton and may be extracted with acetone. Each type has a characteristic light absorption spectrum with a particular peak absorbance. The acetone extract is analysed in a spectrophotometer at these peaks. The peak height indicates chlorophyll concentration.

When samples are concentrated by filtration for the purposes of analysis, the phytoplankton cells die. Consequently, the chlorophyll immediately starts to degrade and its concentration is thus reduced. The degradation product of chlorophyll a, phaeophytin a, fluoresces in the same spectral region, and this can lead to errors in results. It is therefore essential to measure the concentration of phaeophytin a and to make appropriate corrections to analytical results.
Sampling

Samples should be taken with an appropriate sampler, such a grab sampler, a submersible pump or a hose-pipe sampler. For nutrient-poor (high transparency) water up to 6 liters will be required. For eutrophic waters, 1-2 litres are usually adequate.

Apparatus

· Spectrophotometer, with a spectral bandwidth between 0.5 and 2 nm.

· Cuvettes, 1 cm; longer path-length cuvettes may be used (usually 4 cm or 10 cm).

· Centrifuge.

· Tissue-grinder.

· Centrifuge tubes, 15 ml, graduated, screw-tops.

· Filters, glass fibre GF/C, 4.7 cm diameter.

· Filtration cup and pump.

Note: As far as possible, all apparatus should be acid - and alkali-free. 

Reagents 

· Magnesium carbonate suspension, 1.0 g MgCO3 in 100 ml distilled water. Shake before use. 

· Acetone solution, 90 per cent acetone.

· Hydrochloric acid, 1 mol l-1
Procedure

1. After recording the initial water volume, separate the cells from the water by filtration. Filter continuously and do not allow the filter to dry during filtration of a single sample. As filtration ends, add 0.2 ml of MgCO3 suspension to the final few milliliters of water in the filter cup. If extraction is delayed at this point, filters should be placed in individual labeled bags or plastic Petri dishes and stored at -20 °C in darkness. Samples may be transported in this form. 

2. Place the filter in the tissue-grinder, add 2-3 ml of 90 per cent acetone, and grind until the filter fibres are separated. Pour the acetone and ground filter into a centrifuge tube; rinse out the grinding tube with another 2 ml of 90 per cent acetone and add this to the centrifuge tube. Make up the total volume in the centrifuge tube to 10 ml with 90 per cent acetone. Place top on tube, label, and store in darkness at 4 °C for 10-12 hours. Samples may also be transported in this form.

3. Centrifuge closed tubes for 15 minutes at 3,000 rev/min to clarify samples. Decant the clear supernatant into a clean centrifuge tube and record the volume.

4. Fill a cuvette with 90 per cent acetone. Record absorbance on the spectrophotometer at 750 nm and 663 nm. Zero on this blank if possible; otherwise record the absorbance and subtract it from sample readings.

5. Place sample in the cuvette and record absorbance at 750 nm and 663 nm (750a and 663a).

6. Add two drops of 1 mol l-1 HCl to sample in 1-cm cuvette (increase acid in proportion to volume for larger cuvettes). Agitate gently for 1 minute and record absorbance at 750 nm and 665 nm (750b and 665b).

7. Repeat the procedure for all samples. Some preliminary samples may need to be taken to assess the best sample volume.

Calculation

1. Subtract absorbance:

663a - 750a = corrected 663a absorbance

665b - 750b = corrected 665b absorbance
2. Use these corrected 663a and 665b absorbances to calculate: 
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where:

Ve = volume of acetone extract (litres)

Vs = volume of water sample (m3)

L = path length of cuvette (cm)

Chlorophyll a concentrations should be recorded. The ratio of chlorophyll a to phaeophytin a gives an indication of the effectiveness of sample preservation, as well as of the condition of the algal population. 

2.3.15 Enterococci  

Sampling

Samples are collected by hand or with a sampling device if the sampling site has difficult access such as a dock, bridge or bank adjacent to surface water. Composite samples should not be collected, since such samples do not display the range of values found in individual samples. The sampling depth for surface water samples should be 6-12 inches below the water surface. Sample containers should be positioned such that the mouth of the container is pointed away from the sampler or sample point. After removal of the container from the water, a small portion of the sample should be discarded to allow for proper mixing before analyses. 

Conservation of samples

Ice or refrigerate water samples at a temperature of <10°C during transit to the laboratory. Do not freeze the samples. Use insulated containers to assure proper maintenance of storage temperature. Note that sample bottles must not be totally immersed in water during transit or storage. Examine samples as soon as possible after collection. Samples should be analyzed within 6 hours of sample collection. 

Equipment

· Glass lens with magnification of 2-5X or stereoscopic microscope

· Lamp, with a cool, white fluorescent tube

· Hand tally or electronic counting device

· Pipet container, stainless steel, aluminum or borosilicate glass, for glass pipets

· Pipets, sterile, T.D. bacteriological or Mohr, glass or plastic, of appropriate volume

· Graduated cylinders, 100-1000 ml, covered with aluminum foil or kraft paper and sterile

· Membrane filtration units (filter base and funnel), glass, plastic or stainless steel, wrapped with aluminum foil or kraft paper and sterilized

· Ultraviolet unit for sanitization of the filter funnel between filtrations (optional)

· Line vacuum, electric vacuum pump, or aspirator for use as a vacuum source (In an emergency or in the field, a hand pump or a syringe equipped with a check valve to prevent the return flow of air, can be used)

· Flask, filter, vacuum, usually 1 L, with appropriate tubing.

· A filter manifold to hold a number of filter bases (optional)

· Flask for safety trap placed between the filter flask and the vacuum source.

· Forceps, straight or curved, with smooth tips to handle filters without damage

· Ethanol, methanol or isopropanol in a small, wide-mouth container, for flame-sterilizing forceps

· Burner, Bunsen or Fisher type, or electric incinerator unit for sterilizing loops and needles

· Thermometer, checked against a National Institute of Standards and Technology (NIST) certified thermometer, or one that meets the requirements of NIST Monograph SP 250-23

· Petri dishes, sterile, plastic, 9 x 50 mm, with tight-fitting lids; or 15 x 60 mm with loose fitting lids; or 15 x 100 mm with loose fitting lids 

· Bottles, milk dilution, borosilicate glass, screw-cap with neoprene liners, 125 ml volume 

· Flasks, borosilicate glass, screw-cap, 250-2000 ml volume

· Membrane filters, sterile, white, grid marked, 47 mm diameter, with 0.45 μm pore size

· Platinum wire inoculation loops, at least 3 mm diameter in suitable holders; or sterile plastic loops

· Incubator maintained at 41°C ± 0.5°C

· Waterbath maintained at 50°C for tempering agar

· Test tubes, 20 x 150 mm, borosilicate glass or plastic

· Caps, aluminum or autoclavable plastic, for 20 mm diameter test tubes

· Test tubes, screw-cap, borosilicate glass, 16 x 125 mm or other appropriate size

· Autoclave or steam sterilizer capable of achieving 121 C [15 lb pressure per square inch (PSI)] for 15 minutes. 

Reagents 

1.
Phosphate buffered saline (PBS) 

Composition: 

· Sodium dihydrogen phosphate (NaH2PO4) 0.58 g 

· Disodium hydrogen phosphate (Na2HPO4) 2.5 g 

· Sodium chloride (NaCl) 8.5 g 

· Reagent-grade water 1.0 L 

Dissolve the reagents in 1 L of reagent-grade water and dispense in appropriate amounts for dilutions in screw cap bottles or culture tubes, and/or into containers for use as rinse water. Autoclave after preparation at 121°C [15 lb pressure per square inch (PSI)] for 15 min. Final pH should be 7.4 ± 0.2. 

2.
mEI Agar 

Composition of basal medium (mEI agar):  

· Peptone 10.0 g Sodium chloride (NaCl) 15.0 g

· Yeast extract 30.0 g

· Esculin 1.0 g

· Actidione (Cycloheximide) 0.05 g

· Sodium azide 0.15 g

· Indoxyl -D glucoside 0.75 g

· Agar 15.0 g

· Reagent-grade water 1.0 L

Add reagents to 1 L of reagent-grade water, mix thoroughly, and heat to dissolve completely. Autoclave at 121°C (15 PSI) for 15 minutes and cool in a 50°C water bath. 

After sterilization add 0.24 g nalidixic acid (sodium salt) and 0.02 g triphenyltetrazolium chloride (TTC) to the mEI medium and mix thoroughly. 

Note: The amount of TTC used in this medium (mEI) is less than the amount used for mE agar in Method 1106.1. 

Dispense mEI agar into 9×50 mm or 15×60 mm petri dishes to a 4-5 mm depth (approximately 4-6 ml), and allow to solidify. Final pH of medium should be 7.1 ± 0.2. Store in a refrigerator. 

3.
Tryptic soy agar (TSA) 

Composition:

· Pancreatic digest of casein 15.0 g

· Enzymatic digest of soybean meal 5.0 g

· Sodium chloride (NaCl) 5.0 g

· Agar 15.0 g

· Reagent-grade water 1.0 L

Add reagents to 1 L of reagent-grade water, mix thoroughly, and heat to dissolve completely. Autoclave at 121°C [15 lb pressure per square inch (PSI)] for 15 minutes and cool in a 50°C waterbath. Pour the medium into each 15 × 60 mm culture dish to a 4-5 mm depth (approximately 4-6 ml), and allow to solidify. Final pH should be 7.3 ± 0.2. 

4.
Brain heart infusion broth (BHIB) 

Composition:

· Calf brains, infusion from 200.0 g 7.7 g

· Beef heart, infusion from 250.0 g 9.8 g

· Proteose peptone 10.0 g

· Sodium chloride (NaCl) 5.0 g

· Disodium hydrogen phosphate (Na2HPO4) 2.5 g

· Dextrose 2.0 gReagent-grade water 1.0 L

Add reagents to 1 L of reagent-grade water, mix thoroughly, and heat to dissolve completely. Dispense in 10-ml volumes in screw cap tubes, and autoclave at 121°C (15 PSI) for 15 minutes. Final pH should be 7.4 ± 0.2. 

5.
Brain heart infusion broth (BHIB) with 6.5% NaCl 

Composition: 

· BHIB with 6.5% NaCl is the same as BHIB above but with additional NaCl.

· Add NaCl to formula provided above such that the final concentration is 6.5 percent (65 g NaCl/L). 

Typically, for commercial BHIB media, an additional 60.0 g NaCl per liter of medium will need to be added to the medium. 

6.
Brain heart infusion agar (BHIA) 

Composition: 

· BHIA contains the same components as BHIB with the addition of 15.0 g agar per liter of BHIB.

· After sterilization, slant until solid. Final pH should be 7.4 ± 0.2. 

7.
Bile esculin agar (BEA)

Composition:

· Beef Extract 3.0 g

· Pancreatic Digest of Gelatin 5.0 g

· Oxgall 20.0 g

· Esculin 1.0 g

· Ferric Citrate 0.5 g

· Bacto Agar 14.0 g

· Reagent-grade water 1.0 L
Add reagents to 1 L reagent-grade water, heat with frequent mixing, and boil 1 minute to dissolve completely. Dispense 10-ml volumes in tubes for slants or larger volumes into flasks for subsequent plating. Autoclave at 121°C (15 PSI) for 15 minutes. Overheating may cause darkening of the medium. Cool in a 50°C waterbath, and dispense into sterile petri dishes. Final pH should be 6.8 ± 0.2.  Store in a refrigerator. 

8.
Azide dextrose broth (ADB)

Composition: 

· Beef extract 4.5 g

· Pancreatic digest of casein 7.5 g

· Proteose peptone No. 3  7.5 g

· Dextrose  7.5 g

· Sodium chloride (NaCl)  7.5 g

· Sodium azide 0.2 g

Reagent-grade water 1.0 L

Add reagents to 1 L of reagent-grade water and dispense in screw cap bottles. Autoclave at 121°C (15 lb PSI) for 15 minutes. Final pH should be 7.2 ± 0.2. 

9.
Control cultures 

Positive control and/or spiking organism (either of the following are acceptable):  

- Stock cultures of Enterococcus faecalis (E. faecalis) ATCC #19433 

- E. faecalis ATCC #19433 BioBalls (BTF Pty, Sydney, Australia) 

Negative control organism (either of the following are acceptable):  

- Stock cultures of Escherichia coli (E. coli) ATCC #11775 

- E. coli (ATCC #11775) BioBalls (BTF Pty, Sydney, Australia) 

Procedure

· Prepare the mEI agar as directed above. 

· Mark the petri dishes and report forms with sample identification and sample volumes. 

· Place a sterile membrane filter on the filter base, grid-side up and attach the funnel to the base so that the membrane filter is now held between the funnel and the base. 

· Shake the sample bottle vigorously about 25 times to distribute the bacteria uniformly, and measure the desired volume of sample or dilution into the funnel. 

· Select sample volumes based on previous knowledge of the enterococci level, to produce 20-60 enterococci colonies on membranes. It is recommended that a minimum of three dilutions be analyzed to ensure that a countable plate (20-60 enterococci colonies) is obtained. 

· Smaller sample size or sample dilutions can be used to minimize the interference of turbidity or for high bacterial densities. Multiple volumes of the same sample or sample dilutions may be filtered. 
· Note: When analyzing smaller sample volumes (e.g., < 20 ml), 20-30 ml of PBS or phosphate-buffered dilution water should be added to the funnel or an aliquot of sample should be dispensed into a dilution blank prior to filtration. This will allow even distribution of the sample on the membrane. 
· Filter the sample, and rinse the sides of the funnel at least twice with 20-30 ml of sterile buffered rinse water. Turn off the vacuum and remove the funnel from the filter base. 

· Use sterile forceps to aseptically remove the membrane filter from the filter base, and roll it onto the mEI Agar to avoid the formation of bubbles between the membrane and the agar surface. Reseat the membrane if bubbles occur. Run the forceps around the edge of the filter outside the area of filtration, close to the edge of the dish, to be sure that the filter is properly seated on the agar. Close the dish, invert, and incubate at 41 ± 0.5°C for 24 ± 2 hours. Note: If the medium is prepared in 15×60 mm loose lid petri dishes, they should be incubated in a tight fitting container (e.g., plastic vegetable crisper) containing a moistened paper towel to prevent dehydration of the membrane filter and medium. 
· After incubation, count and record colonies on those membrane filters containing, if practical, 20-60 colonies with a blue halo regardless of colony color as an enterococci. Use magnification for counting and a small fluorescent lamp to give maximum visibility of colonies. 
Calculations

Use the following general rules to calculate the enterococci count per 100 ml of sample: 

If possible, select a membrane filter with 20 - 60 colonies (regardless of colony color) with a blue halo. Calculate the number of enterococci per 100 ml according to the following general formula: 

Enterococci/100 ml = [Number of enterococci colonies/Volume of sample filtered (ml)] x 100. 
3. Development of standard protocols for the storing of data produced from the sampling and measurements

3.1 Sampling protocol

The information referring to the conduction of sampling must be recorded in an appropriate protocol. This protocol presents the following information:

· When the sampling takes place

· Where the sampling takes place (inlet and outlet of the wastewater treatment unit, outlet of primary and secondary treatment stage, sewerage network)  

· Type of sample collected (grab and/or composite sample)

· Volume of wastewater collected (the quantity of the wastewater collected must be adequate for the conduction of measurements)

· Reference number (code) of the sample, according to the files kept by the operators of the wastewater treatment unit

· Name and status of the persons carrying out the sampling  

Sampling protocol

	Date of sampling (day/month/year)
	

	Sampling point (inlet, outlet, other)
	

	Type of sample (grab, composite)
	

	Volume of sample
	

	Reference number (sample code)
	

	Persons responsible for sampling

	No
	Name
	Status

	1.
	
	

	2.
	
	

	3.
	
	

	…
	
	


The frequency of sampling at the wastewater treatment units is set, taking into consideration the following issues:

· The requirements of the European legislation (e.g. Directive 91/271/EEC)

· The necessity of achieving treated effluent with such a quality that ensures its safe reuse for irrigation purposes. 

In the following table, the suggested frequency of sampling is given.

Table 3.1 Suggested frequency of sampling

	Parameter
	Number of samples

	BOD5

Suspended Solids

Total Phosphorous

Total Nitrogen
	For wastewater treatment plants with capacity 2000 - 9999 p.e.:

· 12/year (1/month)

For wastewater treatment plants with capacity 10000 – 49999 p.e:

· 12/year (1/month)

For wastewater treatment plants with capacity more than 50000 p.e.:

· 24/year (1/month)

	Inlet

Outlet
	Daily

	Al, As, Be, B, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Mo, Ni, Se, Va, Zn, Hg
	1/year (in the cases that the results show high concentration value, a second measurement is suggested within the year)



	pΗ, temperature, color, TDS, nitrates, phosphates, conductivity
	1/month

	Na, Ca, Mg, K, sulphates, chlorides, B 
	2/year

	Toxicity:

1. Microtox: Photobacterium phosphoreum   

    (Vibrio fischeri)
2. Algatox 72 hours: Selenastrum 

    capricornutum

3. Daphtox: Daphnia magna Straus
	2/year (wastewater treatment plants with p.e. > 50.0000. 

1/year for wastewater treatment plants with p.e.<50.000



	Gene toxicity: Mutatox: Photobacterium phosphoreum (Vibrio fischeri)
	2/year (wastewater treatment plants with p.e. > 50.0000) 

1/year for wastewater treatment plants with p.e.< 50.000

	E. Coli/100ml

Feacal Coli/100ml
	24/year (wastewater treatment plants with p.e.> 50.0000)

24/year (wastewater treatment plants with p.e.> 50.0000)


3.2 Measurements protocol

The data obtained from the conduction of measurements and analyses must be recorded in an appropriate protocol. This protocol is divided to sub-protocols according to the number of points from where the samples were taken (one sub-protocol per each sampling point). These sub-protocols include the following information:

· The time period for carrying out the measurements and analyses

· Reference number (code) of the sample in which measurements are taken place (in respect with the sampling protocol)
· Flow rate at the sampling point
· Value of each determined parameter 
· Name and status of the persons that carry out the measurements
Protocols for measurements and analyses

A. Wastewater Inlet

	Time period of carrying out analyses: from …… to ………

	Reference sample number (sample code)

	Flow rate
	Value

	Inlet (m3/day)
	

	Parameter 
	Value

	Temperature 
	

	PH
	

	BOD
	

	Total Nitrogen
	

	Total Phosphorous
	

	Suspended Solids (SS)
	

	Fats, Oils and Greases 
	

	Nitrates
	

	Phosphates
	

	Conductivity
	

	Sulphates
	

	Chlorides
	

	Faecal Coliforms
	

	E. Coli 
	

	Persons responsible for carrying out measurements
	

	No
	Name
	Status

	1.
	
	

	2.
	
	

	3.
	
	


B. Wastewater Outlet
	Time period of carrying out analyses: from …… to ………

	Reference sample number (sample code)

	Flow rate
	Value

	Outlet (m3/day)
	

	Parameter*
	Value

	pH
	

	BOD
	

	Total Kjedahl Nitrogen 
	

	Ammonia 
	

	Total Phosphorous
	

	Suspended Solids (SS)
	

	Temperature
	

	Conductivity
	

	Sulphates
	

	Chlorides
	

	Al
	

	As
	

	Be
	

	B
	

	Cd
	

	Cr
	

	Toxicity: 

Microtox

Algatox

Daphtox
	

	Gene toxicity
	

	Ε. Coli (per 100ml)
	

	Feacal Coli (per 100ml)
	

	Enterococci 
	

	Co
	

	Cu
	

	Fe
	

	Pb
	

	Li
	

	Mn
	

	Mo
	

	Ni
	

	Va
	

	Zn
	

	Hg
	

	Se
	

	Persons responsible for carrying out measurements
	

	No
	Name
	Status

	1.
	
	

	2.
	
	

	3.
	
	


C. Receiving Environment

	Time period of carrying out analyses: from …… to ………

	Reference sample number (sample code)

	Flow rate
	Value

	Outlet (m3/day)
	

	Parameter*
	Value

	pH
	

	BOD
	

	Total Kjedahl Nitrogen
	

	Total Phosphorous
	

	Suspended Solids (SS)
	

	Temperature
	

	Conductivity
	

	Feacal Coli (per 100ml)
	

	Enterococci
	

	Chlorophyll a
	

	Persons responsible for carrying out measurements
	

	No
	Name
	Status

	1.
	
	

	2.
	
	

	3.
	
	


4. Quality Control 

In order to assure the quality and the representativeness of the measurements and analyses, the following procedures must be followed: 

1. Determination of the parameters: BOD, TSS, TN and TP, according to the standard methods as described in the European Directive 91/271/EE. 

2. Determination of the rest of the parameters according to the standard methods described in the European Directive 79/869/EEC, in the manual `Standard methods for the examination of water and wastewater suggested by the APHA – AWWA – WEF (20th Edition, 1998) and also by the International Standardization Association - ISO. Especially:

Sampling

· ISO 5667-1 (1980), Water quality-Sampling-Part 1: Guidance on the design of sampling programmes. 

· ISO 5667-2 (1991), Water quality-Sampling-Part 2: Guidance on sampling techniques 

· ISO 5667-3 (2003), Water quality-Sampling-Part 3: Guidance on the preservation and handling of water samples 

· ISO 5667-4 (1987), Water quality-Sampling-Part 4: Guidance on sampling from lakes, natural and man-made 

· ISO 5667-6 (2005), Water quality-Sampling-Part 6: Guidance on sampling of rivers and streams

· ISO 5667-9 (1992), Water quality-Sampling-Part 9: Guidance on sampling from marine waters

· ISO 5667-10 (1992), Water quality-Sampling-Part 10: Guidance on sampling of wastewaters

· ISO 5667-14 (1998), Water quality-Sampling-Part 14: Guidance on quality assurance of environmental water sampling and handling

· ISO 5667-16 (1998), Water quality-Sampling-Part 16: Guidance on biotesting of samples

Chemical parameters

· ISO 5814 (1990): Determination of dissolved oxygen

· ISO 5815-1 (2003): Determination of BOD (dilution and seeding method)

· ISO 5815-2 (2003): Determination of BOD (method for undiluted samples)

· ISO 5961 (1994): Determination of Cadmium

· ISO 6058 (1984): Determination of Calcium

· ISO 6059 (1984): Determination of the sum of Calcium and Magnesium 

· ISO 6060 (1989): Determination of COD

· ISO 6332 (1988): Determination of Iron

· ISO 6333 (1986): Determination of Manganese

· ISO 6439 (1990): Determination of Phenols

· ISO 6703-1 (1984): Determination of Cyanide

· ISO 6777 (1984): Determination of Nitrite

· ISO 6778 (1984): Determination of Ammonium (Potentiometric method)

· ISO 7150 – 1 (1984): Determination of Ammonium (Manual spectrometric method)

· ISO 7150-2 (1986): Determination of Ammonium (Automated spectrometric method)

· ISO 5664 (1984):  Determination of ammonium (distillation and titration method)

· ISO 6878 (2004): Determination of Phosphorous

· ISO 7393-1 (1985/Cor 1: 2001): Determination of free chlorine and total chlorine (titrimetric method)

· ISO 7393-2 (1985): Determination of free chlorine and total chlorine (colometric method)

· ISO 7393-3 (1990): Determination of free chlorine and total chlorine (iodometric titration method)

· ISO 7875 –1 (1996): Determination of surfactants

· ISO 7890-1 (1986): Determination of Nitrate (dimethylphenol spectrometric method)

· ISO 7890-2 (1986): Determination of Nitrate (fluorophenol spectrometric method)

· ISO 7980 (1986): Determination of Calcium and Magnesium

· ISO 8245 (1999): Guidelines for the determination of TOC and DOC

· ISO 8288 (1986): Determination of cobalt, nickel, copper, zinc, cadmium and lead 

· ISO 9174 (1998): Determination of chromium

· ISO 9297 (1989): Determination of chloride 

· ISO 9963-1 (1994): Determination of alkalinity (total and composite alkalinity)

· ISO 9963-2 (1994): Determination of alkalinity (carbonate alkalinity)

· ISO 9964 (1993): Determination of sodium and potassium 

· ISO 10359-1 (1992): Determination of fluoride 

· ISO 10523 (1994): Determination of pH

· ISO 10530 (1992): Determination of sulfide

· ISO 10566 (1992): Determination of aluminium

· ISO 11083 (1994): Determination of chromium (VI)

· ISO 13395 (1996): Determination of nitrite nitrogen and nitrate nitrogen and the sum of both

Physical parameters

· ISO 7887 (1994): Determination of colour

· ISO 7888 (1985): Determination of electrical conductivity

· ISO 11923 (1997): Determination of suspended solids

Biological parameters

· ISO 6222 (1999): Enumeration of culturable microorganisms

· ISO 6340 (1995): Detection and enumeration of salmonella 

· ISO 7704 (1985): Evaluation of membrane filters used for microbiological analyses

· ISO 7899 –2 (2000): Detection and enumeration of intestinal enterococci

· ISO 9308-1 (2000): Detection and enumeration of Escherichia coli and coliform bacteria (membrane filtration method)

· ISO 9308-2 (2000): Detection and enumeration of Escherichia coli and coliform bacteria (multiple tube method)
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