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o Definition
) SSO ed O yge Dissolved Oxygen
and Temperature + “DO” for short e
- measurement of the
amount of oxygen
dissolved in a unit -
volume of water
« indicator of —i
usefulness of water X
ERVIRGHMENT AND CONSERVATION for a specific
application
° Hold Times ° Applications
Useful for maintaining a
stream fit for swimming,
fishing and/or as a
‘ source of potable water...
. DO level must be kept
15 minutes - note high (in English - per?nits
time of collection have minimum limits; DO
evels must be kept
& time of analysis! above this limit) P
Low DO levels = can
have harmful effects on
receiving waters; causes
suffocation of fish &
) l promotes growth of
harmful bacteria.
° Applications ° Theory
Sewage treatment: - Amount of Oxygen that a given
Specialized bacteria (also known as volume of water can hold is a function
activated sludge) is added to solids in of: .
waste water treatment plants 1. The pressure the atmospheric
optimum level of DO necessary for oxygen Is exerting at the air-water
process lltlr’:erface. e .
too low DO = bacteria die & decompose 2 The temper:att;re”(: the ;vatter.
too high DO = process becomes costly 3. Ihe amount of other substances
dissolved in the water.
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° Theory

- The higher the atmospheric pressure
and the lower the temperature and
conductivity, the more oxygen can be
dissolved in the water.
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Theory
http://water.usgs.gov/software/DOTABLES/
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° Common Conversions w/ BP

Uncorrecting pressure readings

EXAMPLE - The local airport provides you with
a "corrected" barometric pressure of

29.65 inches of Hg.

To UNcorrect this measurement:

NOTE: Pressure drops by 26 millimeters (mm,
about 1 inch) for every 1000 feet above sea
level. 26 + 1000= 0.026.

That's why during the process, we multiply the
altitude in feet by 0.026.
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Common Conversions w/ BP

Determine the altitude (in feet) of your
facility/lab (you can use the altitude of the
city/town/village).

- Blueprints

« Internet

- GPS
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° Common Conversions w/ BP

Determine the correction factor (CF):
CF =[760 - (Altitude x 0.026)] + 760
=[760 - (543 x 0.026)] + 760
=[760-14.1] + 760

=745.9 + 760 = 0.9795

Therefore, true uncorrected barometric pressure
=29.65 x 0.9795 = 29.04

EXAMPLE - The "corrected" BP was given as 29.65 inches of Hg.

FTC elevation = 543 ft
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Common Conversions w/ BP

Convert inches of mercury (Hg) to mm of
mercury (Hg):

inches of Hg X 25.4 = mm of Hg

Therefore 29.04 X 25.4 =737.6

Your uncorrected BP is either 29.04 inches of Hg
or 737.6 mm of Hg.
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Dissolved Oxygen
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BP Conversion Example

- Example:

*Weather.com reports values at sea level, this needs to be corrected for your elevation.

Weather.com reports a stable 29.88* in of Hg.

We are at 547 ft and our water sample is at 21°C.

. CF =[760 - (Altitude x 0.026)] + 760
=745.8 + 760 = 0.98

- Therefore, true uncorrected barometric
pressure = 29.88 x 0.98 = 29.32 in of Hg

« Or 29.32 x 25.4 = 744.7 mm of Hg
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BP Conversion Example

- Find % Saturation Calibration Value:
- (0.21)(745)(100) = 15,645 = 97.8%
160 160
- Find Concentration Calibration Value:

- At 21°C, the oxygen solubility table
reports 8.915 mg/L

. (8.915)(.978) = 8.72 mg/L
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BP Conversion Example

- The pressure of oxygen at sea level is
160 mm of Hg because oxygen is

- about 21% of the earth’s atmosphere
and
21% of 760 (average sea level

- barometric pressure) is about 160 mm of
Hg.

«  https://www.fondriest.com/pdf/ysi_do_handbook.pdf
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BP Conversion Example

- Find % Saturation Calibration Value:
- (0.21)(745)(100) = 15,645 = 97.8%
160 160
- Find Concentration Calibration Value:

- At 21°C, the oxygen solubility table
reports 8.915 mg/L

. (8.915)(.978) = 8.72 mg/L
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BP Conversion Example

Easy way - Direct Read from Barometer
& Thermometer to determine DO from
USGS DO table

USGS DO Table (mm Hg)
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Effect of Partial Pressure of
Oxygen on Dissolved O,

- Water in contact
with air will absorb
air (O,) ! !

- until the pressure at
air-water interface is
equal...

. said to be saturated -
about 5 to 10 parts of
oxygen to one million
parts of water
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Effect of Temperature on
Dissolved Oxygen

- Pot of boiling water...

+ bubbles form on
bottom & sides of
pot...

+ number & size of
bubbles increase with
temperature....

- These are air bubbles
that have been
dissolved in water.
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Two Types of Measurement

. Electrode

- Winkler titration

20 TDEC - Fleming Training Center

° Electrodes

- An electrode system where DO reacts
at the cathode producing a
measurable electrochemical effect.

- Effect can be galvanic (ability to
conduct an electrical current),
polarographic (electrochemical), or
potentiometric (measurement of
voltages).

21 TDEC - Fleming Training Center

Electrodes

- Electrode system separated from the
sample stream by semi-permeable
membrane, which permits DO in sample to
pass through to the electrode system, but
prevents passage of liquids & ionic fluids.

- Most units are temperature compensated
(thermistor or resistance thermometer).

- Another type of probe does not use semi-
permeable membrane; system consists of a
reference electrode & thallium measuring
electrode.
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° Electrodes

- O, concentration determined by
measuring voltage potential when DO
comes in contact with the thallium
electrode.

- Thallous-ion concentration is
proportional to the dissolved oxygen
in the sample.
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Dissolved Oxygen

- Electrochemical method.

- Two metal electrodes in contact with
electrolyte and separated from test
solution by gas permeable membrane
and a constant voltage created.

- Oxygen diffuses through membrane and
is reduced at the cathode by the voltage.

- This process produces a current flow,
which is detected by the meter, and is
proportional to the partial pressure of
oxygen.
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Dissolved Oxygen
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° Dissolved Oxygen

- Meter calibrated in saturated air

- Winkler test may be used as a QC
check

- Correction for altitude or barometric
pressure

- Membrane checked and changed
regularly

- Temperature calibration data verified

25 ‘TDEC - Fleming Training Center
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Dissolved Oxygen Analysis

- Analyze immediately
maximum holding time = fifteen min

- Preservation = none
- Sample should be measured insitu

- May be collected as a grab sample
with minimal aeration into a BOD
bottle with a glass stopper
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° Common Deficiencies

- Samples for dissolved oxygen were
collected in a bucket and then poured into
the BOD bottle

- The D.O. probe was immersed in the water
during calibration

. The D.O. probe had a water droplet on the
end during calibration

- There was an air bubble under the
membrane on the probe

- The meter was air calibrated by placing the
probe on the counter

29 ‘TDEC - Fleming Training Center

J ‘ Taking D.O. Readings

158

Luminescent Dissolved
Oxygen

- No membrane

- No electrolyte to
foul or poison

- Won't affect
readings

- Accurate & stable
readings

30 TDEC - Fleming Training Center
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Luminescent Dissolved
Oxygen

- The sensor is coated
with a luminescent
material, called
luminophore, which is
excited by blue light
from an internal LED.
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Luminescent Dissolved
Oxygen

- As the luminescent material relaxes it
emits red light, and this luminescence is
proportional to the dissolved oxygen
present.

- The luminescence is measured both in
terms of its maximum intensity and its
decay time.

- Aninternal red LED provides a reference
measurement before every reading to
ensure that the sensor's accuracy is
maintained.
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° ‘ Winkler Titration ° ‘ Winkler

- Winkler method (azide modification)

- SM 4500-OC
+ Na,SO, is to be standardized quarterly

+ Winkler test must be run within 8 hours of adding
the reagents*, due to instability of solution once
reagents are added. (*MgSO, & alkaline-iodine-
azide solution)
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- Titrimetric wet
chemistry test that
measures the
amount of oxygen
present based on
conversion of
oxygen to iodine
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° | Winkler °

DO QA/QC

. Titrate with
0.025M Sodium

Thiosulfate

- Use a burette with
0.5mL ) g @
increments 2 < = i o3
. . . N gl X X |z & X | X |2 |5 3
- Titrate until a pale S 3 5g 26
4 - LY o
straw color / S, il s
S T g 3 o]
&y < % o]
B S S 3 2 3
s 2zl X X 88 X | x|20§3
35 TDEG - Fleming Trining Gerter 5 § 5 i =0
= g >
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DO Hach Method 10360,
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DO Hach Method 10360,
LDO Measurement Oct. 2011

- Demonstration of Capability
- Documentation (signed form) that analyst has read
and understands all appropriate SOPs and Methods.
+ Hach Method 10360 9.2.1 — Prepare and measure
four samples of air-saturated water according to
section 7.2.
« 7.2.1 — Add approximately 1500 mL of organic-free water
or BOD dilution water to a 2-L beaker or PET bottle
* 7.2.2 — Allow the water to equilibrate to room temperature.
Room temperature should be approximately 20 + 3°C.
« 7.2.3 — With a steady gentle stream of filtered air %: 10-40
mL per minute), aerate the water for a minimum of 30
minutes. Alternatively, vigorously shake the reagent water
or BOD dilution water for several minutes.
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Can be made at http://water.usgs.gov/software/DOTABLES/

LDO Measurement Oct. 2011

. Calibration
+ 7.1.1 — Add approximately 1 inch (2.54 cm) of

reagent water to a clean BOD bottle and
stopper).
7.1.2 — Shake vigorously for ~ 10 seconds.
7.1.3 — Allow for the BOD bottle and its contents
to equilibrate to room temperature. Room
temperature should be approximately 20 + 3°C.
7.1.4 — The stopper may now be removed from
the BOD bottle and the LBOD probe inserted for
calibration purposes.
- Real people language — calibrate daily by

following manufacturer’s instructions.

41 ‘TDEC - Fleming Training Center

[ [
LDO Measurement Oct. 2011
- bOC
- Dup
- ICAL/CCV
- Corrective Action b
- QC Acceptance ;
- Batch Size
- QC Frequency
37 TDEC - Fleming Training Center
o DO Hach Method 10360, :
2
3
LDO Measurement Oct. 2011 :
6
7
« Hach Method 10360 continued !
« 7.2.4 — At the completion of aeration, let water re-equilibrate 10
to room temperature (20 + 3°C) for 30 minutes and note the i
barometric pressure [uncorrected] of the laboratory durin: ;‘;
preparation. The barometric temperature reading is used in )
the calculation and determination of the theoretical DO 15
concentration for the preparation of air-saturated water. 16
- 7.2.5-Transfer the aerated water to a BOD bottle until :,7
overflowing and stopper. 19
+ 7.2.6 — Calculate the theoretical dissolved oxygen a
concentration using a dissolved oxygen table such as n
Hitchman... 2
- Real people language — prepare dilution water that is air- ::
saturated and analyze four bottles and compare to the %
theoretical dissolved oxygen concentration. z
;:
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o DO Hach Method 10360,

160

DO Hach Method 10360,
LDO Measurement Oct. 2011

- Duplicate

Real people language — analyze 2 samples
for DO, grab sample in a bucket and dip
probe twice to get two readings

Target value is to get close to the first value
and have a small RPD

2014 Update — For reporting purposes, all
duplicates should be reported according
to your permit limits. If your permit sets a
minimum, then the minimum value
should be reported even if falls outside
your permit limit.

42 TDEC - Fleming Training Center
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DO Hach Method 10360,
LDO Measurement Oct. 2011

Contlnumg Calibration Verification (CCV) - daily
7.2.1 — Add approximately 1500 mL of organic-free water or
BOD dilution water to a 2-L beaker or PET bottle
7.2.2 — Allow the water to equilibrate to room temperature.
Room temperature should be approximately 20 + 3°C.
7.2.3 — With a steady gentle stream of filtered air (~ 10-40
mL per minute), aerate the water for a minimum of 30
minutes. Alternatively, vigorously shake the reagent water
or BOD dilution water for several minutes.
7.2.4 — At the completion of aeration, let water re-equilibrate
to room temperature (20 + 3°C) for 30 minutes and note the
barometric pressure [uncorrected] of the laboratory during
preparation. The barometric temperature reading is used in
the calculation and determination of the theoretical DO
concentration for the preparation of air-saturated water.

43 TDEC - Fleming Training Center

Section 4

DO Hach Method 10360,
LDO Measurement Oct. 2011

Continuing Calibration Verification (CCV)
continued

7.2.5 — Transfer the aerated water to a BOD
bottle until overflowing and stopper.

7.2.6 — Calculate the theoretical dissolved
oxygen concentration using a dissolved oxygen
table such as Hitchman...

9.3.1 — Upon air calibration, prepare a calibration
verification standard with each analytical batch of
20 samples or less in an 8 hour period.

9.4.3 — Initially and at the end of each analytical
batch of samples, analyze a dilution water
sample that is air-saturated
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DO Hach Method 10360,
LDO Measurement Oct. 2011

« Continuing Calibration Verification (CCV)
continued
« Real people language — prepare dilution
water that is air-saturated and analyze bottles
and compare to the theoretical dissolved
oxygen concentration (+ 0.2 mg/L) after daily
samples or with each batch of 20 samples or
less in an 8-hour period.
- Batch Size
9.3.1 — ... with each analytical batch of 20
samples or less in an 8 hour period.
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DO SM4500-O G — 2001
Membrane Electrode Method

-

- DOC

- Dup

- ICAL/CCV

- Corrective Action
- QC Acceptance
- Batch Size

- QC Frequency
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DO SM4500-O G — 2001
Membrane Electrode Method

Demonstration of Capability
Documentation (signed form) that analyst has read
and understands all appropriate SOPs and Methods.
Follow Hach Method 10360 9.2.1 — Prepare and
measure four samples of air-saturated water
according to section 7.2.

* 7.2.1 — Add approximately 1500 mL of organic-free water
or BOD dilution water to a 2-L beaker or PET bottle

* 7.2.2 — Allow the water to equilibrate to room temperature.
Room temperature should be approximately 20 + 3°C.

+ 7.2.3 — With a steady gentle stream of filtered air (~ 10-40
mL per minute), aerate the water for a minimum of 30
minutes. Alternatively, vigorously shake the reagent water
or BOD dilution water for several minutes.
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DO SM4500-O G — 2001
Membrane Electrode Method

Hach Method 10360 continued
7.2.4 — At the completion of aeration, let water re-equilibrate
to room temperature (20 + 3°C) for 30 minutes and note the
barometric pressure [uncorrected] of the laboratory during
preparation. The barometric temperature reading is used in
the calculation and determination of the theoretical DO
concentration for the preparation of air-saturated water.
7.2.5 — Transfer the aerated water to a BOD bottle until
overflowing and stopper.
7.2.6 — Calculate the theoretical dissolved oxygen
concentration using a dissolved oxygen table such as
Hitchman...

Real people language — prepare dilution water that is air-

saturated and analyze four bottles and compare to the

theoretical dissolved oxygen concentration.

48 TDEC - Fleming Training Center

Dissolved Oxygen

161




Section 4

i

(deg C) 570 580

P IS N RO R P Y

Can be made at http://water.usgs.gov/software/DOTABLES/

1114
1083
1053

530 600 610 620 630 640 650 660 670 680 690 700

Barometric Pressure (mm Hg)

1133 1053 1172 1191 1211 123 1249 1269 1288 1307 1327 1346
1002 1121 1139 1158 177 1196 1235 1234 1252 1271 129 1309
1072 109 1108 1127 1145 1163 1182 12 1218 1237 1255 1273
1043 1061 1079 1096 1.14 1132 115 1168 1186 1203 1221 1239
1015 1033 105 1068 1085 1L02 112 1137 1154 1L72 1189 1207
989 1006 1023 104 1057 1074 1091 1108 1125 1.4 1159 1175
964 98 997 1014 103 1047 1063 108 1096 1113 1129 1146
94 956 972 988 1004 102 1037 1053 1069 1085 1101 1117
917 933 948 964 98 995 1011 1027 1043 1058 107 109
895 91 925 941 956 971 987 1002 1018 1033 1045 1064
873 888 903 918 933 949 964 979 994 1009 1024 1039
853 868 882 897 912 926 941 956 971 98 10 1015
831 848 862 &7 891 905 92 93 948 96 977 991
815 829 343 857 71 885 899 913 927 941 955 969
797 81 824 838 B52 865 879 893 907 92 934 948
779 793 806 82 833 847 86 874 887 9 914 927
762 776 789 802 815 828 842 855 868 481 895 908
746 750 172 785 798 811 824 437 85 863 876 889
731 743 756 763 781 794 807 B2 832 345 858 &7
716 728 741 753 766 %7879 803 815 828 84 853
700 713 726 738 75 162 775 187 799 811 824 836
687 699 711 723 735 747 759 171 783 1795 807 819
674 685 697 709 721 733 745 756 768 78 791 804
661 672 684 695 707 719 73 742 753 765 177 788
648 659 671 682 694 705 716 728 739 151 762 273
636 647 658 669 681 692 703 M4 725 137 748 759
624 635 646 657 668 679 69 700 712 723 74 745 156 767 178 189

612 623 634 645 656 667 677 688 699 71 721 732 743 253 764 75 786 197
601 612 622 633 644 654 665 676 687 697 708 719 729 74 751 761 772 183
59 601 611 62 632 643 653 664 674 685 695 706 716 727 738 148 759 169
57 59 6 611 621 631 642 652 663 673 681 634 704 M 725 135 746 156
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DO SM4500-O G — 2001
Membrane Electrode Method

- Calibration
« Calibrate daily (day of) by following
manufacturer’s instructions
« Using barometric pressure is best
- Duplicates of the sample
+ Run on a 5% basis, one for every 20 samples
« Calculate %RPD, < 20%
- 2014 Update — For reporting purposes, all
duplicates should be reported according to
your permit limits. If your permit sets a
minimum, then the minimum value should be

reported even if falls outside your permit
limit.
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DO SM4500-O G - 2001
Membrane Electrode Method

. Connnumg Calibration Verification (CCV) — daily

7.2.1 — Add approximately 1500 mL of organic-free water or
BOD dilution water to a 2-L beaker or PET bottle

7.2.2 — Allow the water to equilibrate to room temperature.
Room temperature should be approximately 20 + 3°C.

7.2.3 — With a steady gentle stream of filtered air (=~ 10-40
mL per minute), aerate the water for a minimum of 30
minutes. Alternatively, vigorously shake the reagent water
or BOD dilution water for several minutes.

7.2.4 — At the completion of aeration, let water re-equilibrate
to room temperature (20 + 3°C) for 30 minutes and note the
barometric pressure of the laboratory during preparation.
The barometric temperature reading is used in the
calculation and determination of the theoretical DO
concentration for the preparation of air-saturated water.
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DO SM4500-O G — 2001
Membrane Electrode Method

- Continuing Calibration Verification (CCV) continued

« 7.2.5 - Transfer the aerated water to a BOD bottle
until overflowing and stopper.
7.2.6 — Calculate the theoretical dissolved oxygen
concentration using a dissolved oxygen table such as
Hitchman...
9.3.1 — Upon air calibration, prepare a calibration
verification standard with each analytical batch of 20
samples or less in an 8 hour period.
9.4.3 — Initially and at the end of each analytical batch
of samples, analyze a dilution water sample that is
air-saturated
Real people language — prepare dilution water that is
air-saturated and analyze bottles and compare to the
theoretical dissolved oxygen concentration.
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Temperature

- NIST (National Institute of Standards
& Technology) traceable thermometer

. Scale marked in 0.1°C

- Calibrate annually by checking
against a NIST certified thermometer

- Corrections can be made up to £ 4°C

53 ‘TDEC - Fleming Training Center

162

Temperature

- Clean the probe end with deionized

water

Swirl the thermometer in the sample and

allow at least one minute to equilibrate

- Suspend the thermometer away from the
sides and bottom of container

- Record readings to nearest 0.5°C

- May be measured insitu with probe if

verified against NIST traceable
thermometer

54 TDEC - Fleming Training Center
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° Temperature Conversion

“F = (9/5°C) + 32

“C=5/9 ('F -32)

55 ‘TDEC - Fleming Training Center

o Temperature QA/QC . Temperaturc-? SM2550 B — 2000
Thermometric Measurement
- ICAL
/ + Have
y thermometers
verified annually
by an NIST
= = thermometer
S gz . - Corrective Action
S 53 X = - QC Frequency
: : /
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Hach Method 10360

Luminescence Measurement of Dissolved Oxygen in Water and Wastewater and

1.1

1.2

1.3

1.4

15

2.1

3.1

4.1

5.1

5.2

164

for Use in the Determination of BODs and cBODs
Revision 1.2
October 2011

Scope and Application

This method is for the measurement of dissolved oxygen (DO) in surface and ground water,
municipal and industrial wastewater, and for use in Biochemical Oxygen Demands (BODs) and
carbonaceous Biochemical Oxygen Demands (cBODs) determination.

The method may be used as a replacement for the modified Winkler and membrane electrode
procedures for the measurement of DO in wastewater treatment processes such as aeration and
biological nutrient basins, effluent outfalls, receiving water, and water for BODs and cBODs
determination.

The method is for use in the United States Environmental Protection Agency’s (EPA’s) survey and
monitoring programs for the measurement of DO and for the determination of BODs and cBODsg
under the Clean Water Act.

This method is capable of measuring DO in the range of 0.20 to 20 mg/L.

This method is restricted to luminescence probe technologies where calibration is performed by
single-point water-saturated air (100% saturation).

Summary of Method

This luminescence-based sensor procedure measures the light emission characteristics from a
luminescence-based reaction that takes place at the sensor-water interface. A light emitting diode
(LED) provides incident light required to excite the luminophore substrate. In the presence of
dissolved oxygen the reaction is suppressed. The resulting dynamic lifetime of the excited
luminophore is evaluated and equated to DO concentration.

Interferences

There are no known agents that interfere with luminescence DO detection and quantification with
this method.

Safety

This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of OSHA
regulations regarding the safe handling of any chemicals specified in this method. A reference file
of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses. Additional information on laboratory safety can be found in References 17.5-17.6.

Equipment for the Measurement of Dissolved Oxygen

BOD bottle 300-mL with stoppers and plastic caps (Hach # 62016 and 241906, or equivalent).

Magnetic Stirring plate (optional)

Dissolved Oxygen
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5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

Magnetic stirring device (optional)

Pipette, serological, 1-mL (Hach Catalog Number 919002, or equivalent)
Pipette, serological, 5-mL (Hach Catalog Number 53237, or equivalent)
Pipette, serological, 10-mL (Hach Catalog Number (53238, or equivalent)
Pipette Filler (Hach Catalog Number 1218900, or equivalent)

Meter and LBOD Probe (Hach Catalog Number 8508500) for DO measurement in BOD bottles, or
equivalent as defined in Section 1.5 of this method)

Meter and LDO Probe (Hach Catalog Number 8505200 or 8506300) for DO measurement in open
containers and water bodies, or equivalent as defined in Section 1.5 of this method)

Dispenser Cap, for Nitrification Inhibitor (Hach Catalog Number 4590)

Temperature controlled environment for BOD bottle incubation, 20 + 1° C.
REAGENTS

Phosphate Buffer Solution - 1.7 g AR grade Ammonium Chloride, 8.5 g Potassium Phosphate
Monobasic, 17.7 g Sodium Phosphate Dibasic, 21.7 g Potassium Phosphate Dibasic diluted to
1000 mL with deionized water, APHA, pH 7.2, (Hach Catalog Number 43149, or equivalent)

Calcium Chloride Solution - 27.5 g AR grade Calcium Chloride diluted to 1000 mL with deionized
water, APHA, for BOD (Hach Catalog Number 42849, or equivalent)

Ferric Chloride Solution - 0.25 g Ferric Chloride diluted to 1000 mL with deionized water, APHA, for
BOD (Hach Catalog Number 42953, or equivalent)

Glucose-glutamic Acid - Standard Solution, Voluette™ Ampoule, 300-mg/L, 150 mg glucose and
150 mg glutamic Acid to 1000 mL in deionized water, 10 mL (Hach Catalog Number 1486510, or
equivalent) or, ezGGA Ampoules, 450 mg/L, 225 mg/L Glucose and 225 mg/L Glutamic Acid,
(Hach Catalog Number 25144-20, or equivalent)

Magnesium Sulfate Solution - 22.5 g Magnesium Sulfate diluted to 1000 mL with deionized water,
APHA, (Hach Catalog Number 43094, or equivalent)

Nitrification Inhibitor - (Hach Catalog Number 253334)

Potassium lodide Solution (100 g AR grade Potassium lodide diluted to 1000 mL with deionized
water) (Hach Catalog Number 1228949, or equivalent)

Sodium Thiosulfate Solution — 0.025 N (Hach Catalog Number 35253, or equivalent)
Sodium Hydroxide Solution - 1 N (Hach Catalog Number 104532, or equivalent)
Sodium Hydroxide Pellets - ACS (Hach Catalog Number 18734, or equivalent)

Starch Indicator - 5.5 g AR grade Starch, and 1.25 g AR grade Salicylic Acid diluted to 1000 mL
with deionized water (Hach Catalog Number 34932, or equivalent)

Sulfuric Acid Solution - 0.020 N (Hach Catalog Number 104532, or equivalent)

Sulfuric Acid Solution - 1.000 N (Hach Catalog Number 127053, or equivalent)
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The Phosphate Buffer Solution should be refrigerated to decrease the rate of biological growth.

Standards for Calibration

Initial LDO/LBOD Probe Calibration
7.1.1 Add approximately 1 inch (2.54 cm of reagent water to a clean BOD bottle and stopper.
7.1.2 Shake vigorously for ~ 10 seconds.

7.1.3 Allow for the BOD bottle and its contents to equilibrate to room temperature. Room
temperature should be approximately 20 + 3°C.

7.1.4 The stopper may now be removed from the BOD bottle and the LBOD probe inserted for
calibration purposes.

7.1.5 The luminescence technology for measuring dissolved oxygen is a superior technique from
that of Winkler titration and membrane potentiometric measurement and has no interferences
associated with the oxygen detection process. Therefore, for calibration and measurement
purposes, do not adjust the calibration luminescence measurement to that of Winker or
membrane measurement readings.

Section 7.1 is a suggested procedure for the preparation of water-saturated air. Other procedures
for the preparation of water-saturated air may be used that are equally effective.

Calibration Verification, Initial Precision and Recovery, and On-going Precision and Recovery

7.2.1 Add approximately 1500 mL of organic-free water or BOD dilution water to a 2-L beaker or
PET bottle.

7.2.2 Allow the water to equilibrate to room temperature. Room temperature should be
approximately 20 + 3°C.

7.2.3 With a steady gentle stream of filtered air (= 10 — 40 mL per minute), aerate the water for a
minimum of 30 minutes. Alternatively, vigorously shake the reagent water or BOD dilution
water for several minutes.

7.2.4 Atthe completion of aeration, let water re-equilibrate to room temperature (20 + 3° C) for 30
minutes and note the barometric pressure of the laboratory during preparation. The
barometric temperature reading is used in the calculation and determination of the
theoretical DO concentration for the preparation of air-saturated water.

7.2.5 Transfer the aerated water to a BOD bottle until overflowing and stopper.

7.2.6 Calculate the theoretical dissolved oxygen concentration using a dissolved oxygen table
such as Hitchman referenced in Section 17.2 of this method.

Section 7.2 is a suggested procedure for the preparation of air-saturated water. Other procedures
for the preparation of air-saturated water may be used that are equally effective.

Sample Collection Preservation and Storage

Samples should be collected in polyethylene, fluoropolymer, polypropylene, or glass containers.

Immediately upon collection, cool samples to < 6 °C.
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8.3

8.4

9.1

9.2

Prepare samples within 48 hours of collection and preservation.

See Title 40 of the Code of Federal Regulations Part 136.3, Table Il for further information
regarding required sample collection containers, preservation techniques and holding times for
collection of water for measurement of DO and for the determination of BOD5 and cBODS.

Quality Control

It is recommended that each laboratory that uses this method be required to operate a formal
quality assurance program (Reference 17.1). The minimum requirements of this program consist of
an initial demonstration of laboratory capability and ongoing analyses of laboratory prepared water
standards as a test of continued performance to assess accuracy and precision. Laboratory
performance is compared to established performance criteria to determine if the results of analyses
meet the performance characteristics of the method.

9.1.1 The analyst shall make an initial demonstration of the ability to generate acceptable accuracy
and precision with this method. This ability is established as described in Section 9.2.

9.1.2 The laboratory shall, on an ongoing basis, demonstrate through calibration verification and
analysis of the ongoing precision and recovery sample that the analysis system is in control.
These procedures are described in Sections 9.3 and 9.4, respectively.

9.1.3 Accompanying QC for the determination of DO is required per analytical batch. An analytical
batch is a set of samples processed during a contiguous 8-hour period, not to exceed 20
samples. Each analytical batch should be accompanied by a calibration verification and
ongoing precision and recovery sample, resulting in a minimum of three analyses (1 CV, 1
sample, and 1 OPR). Perform additional CV and OPR for each batch that exceeds 20
samples.

Initial Demonstration of Laboratory Capability

9.2.1 Initial precision and recovery (IPR) - To establish the ability to generate acceptable precision
and accuracy for the measurement of DO in water, the analyst shall perform the following
operations:

9.2.1.1 Prepare and measure four samples of the IPR standard (Section 7.2) according to
the procedure beginning in Section 11.

9.2.1.2 Using the results of the set of four analyses, compute the average percent recovery
(X) and the standard deviation of the percent recovery (s) for DO. Use the following
equation for calculation of the standard deviation of the percent recovery:

n-1

where:
n = Number of samples
x = Concentration in each sample
s = standard deviation of the percent recovery
9.2.1.3 Compare s and X with the corresponding limits for initial precision and recovery in
Section 18, Table 4. If s and X meet the acceptance criteria, system performance is
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acceptable and analysis of samples may begin. If, however, s exceeds the precision
limit or X falls outside the range for recovery, system performance is unacceptable. In
this event correct the problem, and repeat the test.

9.3 Calibration Verification

9.4

9.5

9.6
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9.3.1

Upon air calibration, prepare a calibration verification standard (Section 7.2) with each
analytical batch of 20 samples or less in an 8 hour period. Analyze according to the
procedure beginning in Section 11 and compare the recovery results to those in Section 18,
Table 4.

Ongoing Calibration and Precision and Recovery

94.1

9.4.2

9.4.3

9.4.4

To demonstrate that the analysis system is in control, and acceptable precision and
accuracy is being maintained with each analytical batch, the analyst shall perform the
following operations

Prepare a precision and recovery standard (Section 7.2) with each analytical batch according
to the procedure beginning in Section 11.

Initially, and at the end of each analytical batch of samples, analyze a precision and recovery
standard and compare the concentration recovery with the limits for ongoing precision and
recovery in Tables 4 and 5. If the recovery is in the range specified, measurement process is
in control and analysis of samples may proceed. If, however, the recovery is not in the
specified range, the analytical process is not in control. In this event, correct the problem,
recalibrate and verify the calibration and reanalyze analytical batch, repeating the ongoing
precision and recovery test.

The laboratory should add results that pass the specification in Tables 4 and 5 to IPR and
previous OPR data and update QC charts to form a graphic representation of continued
laboratory performance. The laboratory should also develop a statement of laboratory data
quality for each analyte by calculating the average percent recovery (R) and the standard
deviation of the percent recovery (sr). Express the accuracy as a recovery interval from R 2sr
to R + 2sr. For example, if R = 95% and sr = 5%, the accuracy is 85% to 105%.

Depending upon specific program requirements, field replicates may be required to assess the
precision and accuracy of the sampling and sample transporting techniques.

Glucose-Glutamic Acid Seed Strength Check

9.6.1

Many factors can influence the BOD analysis (toxicity from sample matrix, contaminated
dilution water, poor quality seed, etc. In order to insure sufficient seeding in the BOD test, a
glucose-glutamic acid check is performed in parallel with each day’s BODs and cBODs test
samples. Well prepared dilution water and an active seed will produce a BODs of 198 + 30
mg/L BOD (Reference 17.7).

9.6.1.1 Prepare in triplicate a 300-mL BOD bottle with 3.0 mL of the 300 mg/L Standard
Solution of GGA (Section 6.4) or 1 ampoule (2.0 mL) of ezGGA (Section 6.4) with
each day of samples prepared for BOD determination.

9.6.1.2 When using ezGGA ampoules, place the ezGGA ampoule in the ampoule
breaker (provided with ezGGA ampoules) and rinse the assembly with reagent
water. Hold the ampoule and breaker over the rim of the BOD bottle, break and
allow the ampoule to fall into the BOD bottle. Leave the ampoule in the BOD
bottle during the incubation period and reading of DO.
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GGA Standard Solution

3.0 mL x 0.300 mg/mL GGA x 1000 mL/L = 3.0 mg/L GGA per bottle
300 mL final volume
ezGGA Ampoule

1 ampoule (2.0 mL) x 0.450 mg/mL GGA x 1000 mL/L = 3.0 mg/L GGA per bottle
300 mL final volume

9.6.1.2 Add seed at three different volumes (typically 4 mL, 6 mL, and 8 mL,) to the GGA
bottles. Other volumes may be required, depending on the strength of the seed
being used.

9.6.1.3 Bring to volume with dilution water and analyze as described in Sections 12.9
and 12.10.

GGA BODs recovery results outside of 198 + 30 mg/L should be investigated as to causation. |If
toxicity of dilution water has been ruled out as a probable cause for low recovery, it is likely that the
seed is of low activity or poor quality. Either increase the seed amount or use a seed of higher
quality. High GGA recoveries are generally due to incorrect amount of GGA Standard Solution.

Calibration and Standardization

Because of the possible diversity of future LDO instrument hardware and, no detailed operating
conditions are provided. The analyst is advised to follow the recommended operating conditions
provided by the manufacturer. It is the responsibility of the analyst to verify that the instrument
configuration and operating conditions satisfy the analytical requirements of this method and to
maintain quality control data verifying instrument performance and analytical results.

Water-saturated air (Section 7.1) is used for instrument calibration.

Calibration verification (Section 7.2) is performed with air-saturated water prior to any DO sample
measurements to the method specifications in Section 14.

Procedure for Measuring DO in Grab Samples, Outfalls, and Open Water
Bodies

Instrument Setup

11.1.1 Follow the instrument manufacturer’s instructions for instrument setup (Hach Document
DOC022.53.80021 for Hach LDO IntelliCal™ Rugged and Standard Probes, Hach
Document Number DOC022.53.80116 for LBOD probes, and Hach Catalog Number
5790018 for Hach LDO process probes.

Manufacturer’s instructions are only for instrument set and use. These instructions do not preclude
the calibration and performance requirements of this method.

Measurement of DO

11.2.1 For samples in an open vessel, container, or water body, place the LDO probe into the
water sample to be measured and stir gently with probe or add a stir bar. Do not put the
probe on the bottom or sides of the container. Stir the sample at a moderate rate or put the
probe in flowing conditions. Read sample. The display will show "Stabilizing" and a
progress bar as the probe stabilizes in the sample. The display will show the lock icon
when the reading stabilizes.
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11.3.1 For BODs and CBODs prepared samples, insert the LBOD probe into the BOD bottle for
DO determination. Insure that there are no air bubbles that may have collected around the
probe or sensor. Turn on the stir paddle and read sample. The display will show
"Stabilizing" and a progress bar as the probe stabilizes in the sample. The display will show
the lock icon when the reading stabilizes.

Procedure for the Preparation and Determination of BODs and cBODs
Samples

The BOD test is a 5-day test. Follow all steps carefully to make sure that the test does not have to
be repeated.

The dilution water for this test must be fully air-saturated immediately before use and determined to
not have an oxygen demand or any toxins. When incubated for 5 days at 20 + 1° C, the dissolved
oxygen concentration in the dilution water must not change by more than 0.2 mg/L. Air-saturation
is a function of water temperature and laboratory barometric pressure. Use an oxygen saturation
table such as in Section 17.2 of this method to insure full air-saturation of dilution water.

Distilled Water Preparation

12.3.1 The distilled water must be prepared very carefully to make sure that no source of oxygen
demand or toxins are added. The water that is used to prepare the dilution water must be
of very high quality. The water must not have any organic compounds or any toxic
compounds such as chlorine, copper, and mercury at a concentration level that would
interfere would the BOD seed and inhibit microbiological growth of organisms.

12.3.2 For best results, use an alkaline permanganate distillation for preparing dilution water.
Resin in ionization cartridges will occasionally release organic materials that have an
oxygen demand.

12.3.3 Store the distilled water in clean jugs at a temperature of 20 + 3°C. Fill the containers to
about % full and shake the jugs to saturate the water with air. Alternatively, saturate the
water with air as described in Section 7.2.1. A small aquarium pump or air compressor can
be used to saturate the water with air. Insure that the air is filtered and that the air filter
does not grow bacteria.

Dilution Water Preparation

12.4.1 Using the distilled water prepared above in Section 12.3, select a BOD nutrient buffer pillow
from the BOD nutrient buffer pillows in Table 1.

12.4.2 Add the contents of the BOD Nutrient Buffer Pillow to the distilled water in a jug with ample
headspace. Cap the jug and shake vigorously for one minute to dissolve the nutrients and
to saturate the water with air.

12.4.3 Alternatively, prepare the dilution water by adding 1 mL each of the following solutions per
liter of distilled water prepared in Section 12.4:

Phosphate Buffer Solution — 1.7 g AR grade Ammonium Chloride, 8.5 g Potassium
Phosphate Mono Basic, 17.7 g Sodium Phosphate Dibasic, 21.7 g Potassium Phosphate
Dibasic to 1000 mL with deionized water, APHA, pH 7.2, (Hach Catalog Number 43149, or
equivalent)

Calcium Chloride Solution - 27.5 g AR grade Calcium Chloride to 1000 mL with deionized
water, APHA, for BOD (Hach Catalog Number 42849, or equivalent)
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Ferric Chloride Solution - 0.25 g Ferric Chloride to 1000 mL deionized water, APHA, for
BOD (Hach Catalog Number (42953, or equivalent)

Cap the jug and shake vigorously for one minute to dissolve the nutrients and to saturate
the water with air.

Dilution water should be prepared immediately before use unless it can be demonstrated that the
dilution water blank has no DO depletion greater than 0.2 mg/L.

12.5 Seed Preparation

12.6.1

12.6.2

12.6.3

Use raw sewage or other reliable sources for the bacterial seed that will yield 198 + 30
mg/L BOD with the GGA check sample in Section 9.6. Potential seed sources include
wastewater influent, primary effluent, soil, and domestic sewage.

Allow raw sewage to stand undisturbed at 20 + 3° C for 24 to 36 hours before use.

When seeding samples with raw sewage, always pipette from the upper portion of the
sewage.

12.7 Sample Size Selection Guide

12.8

12.7.1

12.7.2

12.7.3

12.7.4

Make an estimate of the sample volumes that are necessary for the test. At least 2.0 mg/L
of DO should be consumed during the test and at least 1.0 mg/L of un-depleted DO should
remain in the bottle.

Samples such as raw sewage will have a high BOD. Small sample volumes must be used
because large samples will deplete all of the oxygen in the sample. Samples with a low
BOD must use larger sample volumes to insure that adequate oxygen is depleted to give
accurate results.

Refer to the Minimum Sample Volume in Table 2 to select the minimum sample volume.
For example, if a sewage sample is estimated to contain 300 mg/L BOD, the minimum
sample volume is 2 mL. For sewage effluent with an estimated BOD of 40 mg/L, the
minimum sample volume is 15 mL.

Refer to the Maximum Sample Volume in Table 3 to select the maximum sample volume.
At 1000 in elevation, with an estimated BODs of 300 mg/L, the largest sample volume is 8
mL. For a BOD of 40 mg/L, the maximum volume of sample is 60 mL.

Sample Matrix Pretreatment

12.8.1 Determine the pH of each sample at a sample temperature of 20 + 3° C. prior to BOD

sample preparation. For samples that of have pH of less than 6 or greater than 8, adjust
the pH accordingly with a solution of sulfuric acid (H,SO,) or sodium hydroxide (NaOH).
Strength of pH adjustment solution should be at a concentration that does not dilute the
sample by greater than 0.5 percent. Always seed samples that have been pH adjusted

12.8.2 For sample matrices that contain residual chlorine, de-chlorinate with a solution of

Sodium Thiosulfate (Na,S,05).

12.8.2.1 Measure 100 mL of sample into a 250 mL Erlenmeyer flask. Using a 10-mL
serological pipette and pipette filler, add 10 mL of 0.020 N Sulfuric Acid
Standard Solution and 10 mL of Potassium lodide Solution, 100-g/L, to the
flask.

12.8.2.2 Add three full droppers of Starch Indicator Solution and swirl to mix.
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12.8.2.3 Fill a 25-mL burette with 0.025 N Sodium Thiosulfate Standard Solution and
titrate the sample from dark blue to colorless.

12.8.2.4 Calculate the amount of 0.025 N Sodium Thiosulfate Solution to add to the
sample:

mL 0.025 N Sodium Thiosulfate required = mL titrant used x volume of
remaining sample divided by 100

12.8.2.5 Add the required amount of 0.025 N Sodium Sulfate Standard Solution to the
sample. Mix thoroughly and wait 10 to 20 minutes before performing the BOD
test.

Note: Samples should be brought to a temperature of 20 + 3° C. prior to making dilutions.

12.9 Sample Preparation

12.9.1

12.9.2

12.9.3

12.9.4

12.9.5

12.9.6

12.9.7

Select the sample volume as described in Section 12.7. Select a minimum of three
different volumes for each sample.

12.9.1.1 If the minimum sample volume is 3 mL or more, determine the DO
concentration in the undiluted sample; this determination can be omitted when
analyzing sewage and settled effluents known to have dissolved oxygen
content near 0 mg/L.

Stir the sample gently with a pipette. Use the pipette to add the determined sample
volumes to the BOD bottles.

Add the appropriate seed to the individual BOD bottles as described in Section 12.6.

12.9.3.1 Separately, with each batch of BOD samples, prepare a seed sample with
dilution water. Measure the BOD of the seed for subtraction from the sample
BOD.

12.9.3.2 A seed that has a BODs of 200 mg/L (a typical range for domestic sewage) will
typically deplete at least 0.6 mg/L DO when added at a rate of 3 mL/L of
dilution water.

If the test is for cBODs, add two potions of Nitrification Inhibitor (approximately 0.16 g) to
each bottle. The oxidation of nitrogen-based compounds will be prevented.

Fill each bottle to just below the lip with dilution water.

12.9.5.1 Allow the dilution water to flow down the sides of the bottle to prevent air
bottles from becoming entrapped in the bottle.

Fill an additional BOD bottle with only dilution water. This will be the dilution water blank.
Stopper the bottles carefully to prevent air bubbles from becoming entrapped.

12.9.7.1 Tightly twist the stopper and invert the bottles several times to mix.

Note: The sample preparation procedures in Section 12.9 are designed for a BOD sample analysis
volume of 300 mL. A 60-mL sample preparation volume may also be used.
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12.10 Sample Analysis

12.10.1 Measure the initial dissolved oxygen concentration in each bottle with the LBOD probe
within 30 minutes of sample preparation.

12.10.2 After the initial DO measurement, stopper the bottles carefully to prevent air bubbles from
becoming entrapped.

12.10.2.1 Add dilution water to the lip of each BOD bottle to make a water seal.
12.10.3 Place a plastic cap over the lip of each bottle and incubate at 20 + 1° C for five days.

12.10.4 After 5 days, measure the remaining dissolved oxygen concentration in each bottle with
the LBOD probe.

12.10.4.1 At least 1.0 mg/L DO should have remained in each bottle.

12.10.4.2 Discard results of samples where the DO is depleted below 1.0 mg/L.
13. BOD and cBOD Calculations

13.1  When Dilution Water Not Seed (generally influent and primary treated influent to treatment)

BODs or cBODs, mg/L = D; — D,
P
where:

BODs or cBODs = BOD value from the 5-day test

D; = DO of diluted sample immediately after preparation, in mg/L

D, = DO of diluted sample after 5 day incubation at 20 +1° C, in mg/L
P = Decimal volumetric fraction of sample used

13.2  When Dilution Water Requires Seed

BOD5 or CBOD5, mg/L = (Dl - Dz) - (Bl - Bz)f
P

as defined above plus:
B; = DO of seed control before incubation, in mg/L
B, = DO of seed control after incubation, in mg/L
f = ratio of seed in diluted sample to seed in seed control (% seed in diluted sample/%seed in
seed control) or, 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)
13.3 Averaged Results

13.3.1 Averaged results from different dilutions are acceptable if more than one sample dilution
meets all of the following criteria:

13.3.1.1 The remaining un-depleted DO is at least 1 mg/L.
13.3.1.2 The final DO value is at least 2 mg/L lower than the initial prepared sample DO

13.3.1.3 There is no evidence of toxicity at higher sample concentrations
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Method Performance for Dissolved Oxygen in Reference Water and GGA
BODs Recovery

Acceptance Criterion Section Limit
Initial DO Accuracy in Reagent Water 9.2.1 95% to 105%
Initial Precision in Reagent Water 9.2.1 2.1%
On-going DO Accuracy 94.1 95% to 105%

Pollution Prevention

There are no standards or reagents used in this method that when properly disposed of, pose any
threat to the environment.

Waste Management

It is the laboratory’s responsibility to comply with all federal, state, and local regulations governing
waste management, particularly the hazardous waste identification rules and land disposal
restrictions, and to protect air, water, and land by minimizing and control all releases from fume
hoods and bench operations. Compliance with all sewage discharge permits and regulations is
also required.

For further information on waste management, consult “The Waste Management manual for
Laboratory Personnel”, and Less is Better: Laboratory Chemical Management for Waste

Reduction”, both available from the American Society’s Department of Government relations and
Science Policy, 1155 16" Street N.W., Washington, D.C. 20036.
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18. Tables

18.1 Nutrient Buffer Preparation Options

Table 1 - BOD Nutrient Buffer Pillows

Volume of Dilution Water to Prepare Hach BOD Nutrient Pillow Catalog Number
300 mL) add pillow to each BOD Bottle 1416066
3 liters 1486166
4 liters 2436466
6 liters 1486266
19 liters 1486398

Note: Hach BOD Nutrient Pillows are formulated with the same reagents adjusted for volume preparation
as in Sections 6.1 through 6.3.

18.2 Sample Volume Selection Guides

Table 2 - Minimum Sample Volume Selection Guide

Sample Type Estimated BOD mg/L Minimum Sample Volume (mL)
Strong Waste 600 1
300 2
200 3
150 4
Raw and Settled Sewage 100 6
75 8
60 10
50 12
40 15
Oxidized Effluents 30 20
20 30
10 60
6 100
Polluted River Water 4 200
2 300
Table 3 — Maximum Sample Volume Selection Guide
BOD at Sea Level BOD at 1000 ft BOD at 5000 feet Maximum Sample
(mg/L) Elevation (mg/L) Elevation (mg/L) Volume (mL)
615 595 508 4
492 476 406 5
410 397 339 6
304 294 251 8
246 238 203 10
205 198 169 12
164 158 135 15
123 119 101 20
82 79 68 30
41 40 34 60
25 24 21 100
12 12 10 200
8 8 7 300

Note: Samples with higher concentrations of BOD should be pre-diluted.
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Table 4 - Initial Precision and Recovery Method Performance

IPR IPR DO Conc. | 97.5% Lower Limit | 97.5% Upper Limit 95% Upper Limit
Range (mg/L) of Recovery (%) of Recovery (%) of Precision (%)
High 7.22 —9.23 95.8 104.8 1.26

Table 5 - Calibration Verification Performance

CV DO Concentration

Average %
Recovery

% Standard
Deviation

% Relative Standard
Deviation

7.22 mg/L — 9.23 mg/L

100.1

2.5

2.5

Glossary of Definitions and Purposes

The definitions and purposes are specified to this method but have been conformed to common

Units of Weight and Measure and their Abbreviations

LDO® - Luminescence dissolved oxygen

LBOD® - Luminescence biochemical oxygen demand

BOD - Biochemical oxygen demand

BOD:s - Biochemical oxygen demand, 5-day test

cBODs - Carboneous biochemical oxygen demand, 5-day test

IPR: Initial precision and recovery

OPR: On-going precision and recovery

19.
usage as much as possible.
19.1
19.1.1  Symbols
°C degrees Celsius
19.1.2  Alphabetical characters
mg/L milligram per liter
19.2 Definitions, acronyms, and abbreviations
19.2.1
19.2.2
19.2.3
19.2.4
19.2.5
19.2.6 DO: Dissolved oxygen
19.2.75 CV: Calibration verification
19.2.8
19.2.9
176
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Oxygen, Dissolved

Direct Measurement Method’ Method 10360
0.1 to 20.0 mg/L (or 1 to 200% saturation) O, LDO probe

Scope and application: For water, wastewater and process water applications.

1 Luminescent dissolved oxygen is USEPA approved for dissolved oxygen measurements in wastewater treatment process (e.g., aeration
and biological nutrient basins, effluent outfalls and receiving water). Refer to USEPA 40CFR Part 136.3.

m Test preparation

Instrument-specific information

This procedure is applicable to the meters and probes that are shown in Table 1.
Procedures for other meters and probes can be different.

Table 1 Instrument-specific information

Meter Probe

HQ30d portable single input, multi-parameter IntelliCAL LDO101 LDO
HQ40d portable dual input, multi-parameter
HQ430d benchtop single input, multi-parameter

HQ440d benchtop dual input, multi-parameter

Before starting

Refer to the meter documentation for meter settings and operation. Refer to probe documentation for probe preparation,
maintenance and storage information.

Prepare the probe before initial use. Refer to probe documentation.

When an IntelliCAL™ probe is connected to an HQd meter, the meter automatically identifies the measurement parameter
and is prepared for use.

The IntelliCAL LDO101 probes automatically adjust for barometric pressure, elevation and temperature.

Do not touch the probe cap with a hand, fingers or any surface that can scratch the cap.

Prepare the probe before initial use. Refer to probe documentation.

Condition the probe before use. To condition the probe, put the probe in 100 mL of tap water for 30 minutes before use.
For probes that are continuously in aqueous solutions, condition the sensor cap for 72 hours.

Calibrate the probe before initial use. Refer to Calibration on page 3.

Salinity affects the concentration of dissolved oxygen in the sample. To correct for salinity effects, refer to the probe
documentation.

Analyze the samples immediately. The samples cannot be preserved for later analysis.
Stir the samples at a slow and constant rate to prevent the formation of a vortex.

Air bubbles under the sensor tip can cause slow response or measurement errors. To remove the bubbles, carefully shake
the probe.

For rugged electrodes, it may be necessary to remove the shroud before measurement and calibration.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used. Use the recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Refer to the Safety Data Sheets for disposal
information for unused reagents. Refer to the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.
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Items to collect

Description Quantity
BOD bottle, 300 mL or Erlenmeyer flask, 250 mL 1
Beaker (laboratory test) 1

Refer to Consumables and replacement items on page 4 for order information.

Sample collection

The main consideration with sample collection is to prevent contamination of the sample
with atmospheric oxygen.

* Analyze the samples immediately. The samples cannot be preserved for later
analysis.

* Analyze the samples at the collection site if possible.
* Do not introduce air into the sample.

Test procedure

v
N

-
1. Rinse the probe with 2. Laboratory test: Put the 3. Push Read. A progress 4. When the value is stable,
deionized water. Dry the probe in a beaker that bar is shown. When the store or record the mV value
probe with a lint-free cloth. contains the solution. Do not measurement is stable, the and the temperature value.
let the probe touch the stir lock icon is shown.

bar, bottom or sides of the
container. Remove the air
bubbles from under the
probe tip. Stir the sample at
a slow to moderate rate.
Field test: Put the probe in
the sample. Move the probe
up and down to remove
bubbles from the probe tip.

2 178 Oxygen, Dirseleadieect Measurement (20.0 mg/L or 200% saturation)
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Calibration
<=
1. Add a small amount of 2. Insert a stopper and 3. If the probe cap is wet, 4. Remove the stopper. Put
water (approximately 1 cm) shake the bottle vigorously carefully dry the probe cap the probe in the bottle.
to the bottom of narrow- for several minutes. with a soft cloth.
neck bottle, such as a BOD
bottle.

£ v v
kAR AR

5. Push Calibrate. 6. Push Read. A progress 7. Push Done. The 8. Push Store to accept the
bar is shown. When the calibration summary shows. calibration.
measurement is stable, the The slope value is the
lock icon is shown. comparison between the

latest calibration and the
factory calibration shown as
a percentage.

Clean the probe

Clean the probe when:

« Drifting/inaccurate readings occur as a result of contamination on the sensing
element or incorrect storage conditions.
+  Slow response time occurs as a result of contamination on the sensing element.

For general contamination, complete the steps that follow.

1. Rinse the probe with deionized water. Blot dry with a lint-free cloth.

2. If harsh contaminants are attached to the probe, polish the probe tip with a soft cloth
or cotton swab to remove the contaminants.

3. Soak the probe in deionized water for 1 minute.

Summary of method

The oxygen sensor is a clear, oxygen impermeable hard substrate. An oxygen-sensitive
luminescent dye and a scattering agent is on the substrate. A final overlay of dark
pigment is added to keep stray light out of the measurement cell. The luminescent dye
gives a red light when exposed to blue light. The scattering agent distributes the light in
the sensor matrix and contributes to the opacity of the sensor. Pulses from a red LED are
used as an internal reference. The duration of the luminescence is proportional to the
concentration of dissolved oxygen in the sample.
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Description Unit Item no.
HQ30d portable single input, multi-parameter meter each HQ30D53000000
HQ40d portable dual input, multi-parameter meter each HQ40D53000000
HQ430d benchtop single input, multi-parameter meter each HQ430D
HQ440d benchtop dual input, multi-parameter meter each HQ440D
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 1 m cable each LDO10101
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 3 m cable each LDO10103
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 5 m cable each LDO10105
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 10 m cable each LDO10110
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 15 m cable each LDO10115
IntelliCAL™ LDO101 luminescent/optical dissolved oxygen (LDO) probe, 30 m cable each LDO10130
Accessories
Description Unit Item no.
BOD bottle with glass stopper, 300 mL each 62100
BOD bottle with glass stopper, 300 mL 6/pkg 62106
BOD bottle with glass stopper, 300 mL 24 pkg 62124
Beaker, polypropylene, 50-mL, low form each 108041
Flask, Erlenmeyer, 250-mL each 50546
Probe clips, color-coded, for IntelliCAL probes 50/pkg 5818400
Probe, depth markers, rugged LDO probe only 10/pkg 5828610
Probe stand, universal each 8508850

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
® Inthe U.S.A. - Call toll-free 800-227-4224

Outside the U.S.A. - Contact the HACH office or distributor serving you.

On the Worldwide Web — www.hach.com; E-mail — techhelp@hach.com

HACH COMPANY

WORLD HEADQUARTERS
Telephone: (970) 669-3050
FAX: (970) 669-2932

T80 Dissolved Oxygen
© Hach Company/Hach Lange GmbH, 2007—2015. All rights reserved.

03/2015, Edition 8
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OUTLINE

o Introduction to BOD
+ What is BOD?

5 ¢ Why is BOD Important? g
TENNESSEE DEPARTMENT OF o N
ENVIRONMENT AND CONSERVATION @ . BOD Calculations o
n 3
@ B10CHEMICAL OXYGEN DEMAND
BOD
OUTLINE WHAT 1S BOD?
o Laboratory o Biochemical Oxygen Demand is the amount of oxygen,
¢ Set up BOD Bottles expressed in mg/L or parts per million (ppm), that
o Measure Initial DO g bacteria take from the water when they oxidize organic g
o matter. o
2 2
o How is BOD Run? E E
E (Hach, Clifford; R. Klein; C. Gibbs. Introduction to Biochemical E
g Oxygen Demand. Hach Company, 1997.) g
WHAT 1s BOD? HIsSTORY OF BOD

o BOD is a measure of organic strength of the
wastewater:
¢ Changes in dissolved oxygen concentration are used as an
indirect measure of organic content.

1080 Buiurest Buwald - 53aL

o The Royal Commission on River Pollution, which was
established in 1865 and the formation of the Royal
Commission on Sewage Disposal in 1898 led to the
selection in 1908 of BODj as the definitive test for
organic pollution of rivers.

o Five days was chosen as an appropriate test period
because this is supposedly the longest time that river
water takes to travel from source to the ocean in the
UK.

Source: http://en.wikipedia.org/wiki/Biochemical_oxygen_demand

Jo1080 Bulurely Buwals - 5301
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HisTorY oF BOD

o In 1912, the commission also set a standard of 20 mg/L
BOD; as the maximum concentration permitted in
sewage works discharging to rivers, provided that there
was at least an 8:1 dilution available at dry weather
flow.

o This was contained in the famous 20:30
(BOD:Suspended Solids) + full nitrification standard
that was used as a yardstick in the U.K. up to the 1970s
for sewage works effluent quality.

J81ua) Buiures) Buiwal4 - 93aL

Source: http://en.wikipedia.org/wiki/Biochemical_oxygen_demand

HisTorY oF BOD

o The United States includes BOD effluent limitations in
its secondary treatment regulations.

o Secondary sewage treatment is generally expected to
remove 85 percent of the BOD measured in sewage and
produce effluent BOD concentrations with a 30-day
average of less than 30 mg/L and a 7-day average of less
than 45 mg/L.

18180 Buureyy BuIaL - 5301

Source: http://en.wikipedia.org/wiki/Biochemical_oxygen_demand

WHAT 1s BOD?

2301

¢ + Food + Oxygen (O,) mmmmp Carbon Dioxide (CO3

Bacteria,
( ) Measured

Directly
Measured
Indirectly

191080 Buurely Bl

WHAT 1s BOD?

o All three must be present in order to have BOD.

¢ , Food, and O,

181080 Buurely Buwals - 93aL

WHAT 1s BOD?

‘ + Food + Oxygen (O,)mmmmp Carbon Dioxide (CO)
(Bacteria)
Food - Organic material (carbon), exerts
carbonaceous oxygen demand (cBOD)

1080 Buiurest Buwald - 53aL

WHAT 1s BOD?

Ne=aL

+Ammonia  + Oxygen (O,) = Nitrate(NO3"
(Bacteria)or Nitrite (NOy)

Food — Reduced forms of nitrogen, exert nitrogenous
oxygen demand

181080 Buiurely Buiwaly
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WHAT 1s BOD? WHAT 1s BOD?
o Dissolved oxygen levels are monitored before and after
an incubation period, to determine the amount of

Carbonaceous Nitrogenous oxygen depletion. 8
Oxygen + Oxygen E&

. wen 2 BOD | i
Demand Demand
(cBOD)

WHAT 1s BOD?

o Incubation conditions:
e Temperature — 20 + 1°C
e Time — 5 days
e In the dark

18190 Buurely Bulwal - 53aL

WHY 1S BOD IMPORTANT?

o Wastewater treatment plants (WWTP) aim to remove
BOD from the influent (raw) water.

e BOD can be used for process control and to measure the
efficiency of a WWTP.

181080 Buurely Buwals - 93aL

WHY 18 BOD IMPORTANT?
o BOD Removal Efficiency

e BOD of effluent versus influent

Influent Effluent
L= | wwtp [ — ]
300 mg/L 30 mg/L

90% Removal

181080 Buiurest Buwald - 53aL

WHY 1s BOD IMPORTANT?

o BOD measurements help
in monitoring the effect of
effluent on the dissolved
oxygen concentration of
the receiving water body.

o BOD may be regulated by
permit requirements.

181080 Buiurely Buwals - 53QL
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BOD TEST REQUIREMENTS

o Multiple sample dilutions

o Dilution water blank

o Seed control

o Seed blank

o Glucose/Glutamic Acid Standard
o Duplicates

J81ua) Buiures) Buiwal4 - 93aL

SAMPLE VOLUME DILUTION ESTIMATION

o Industrial wastes =0.1 - 1.0 %

o Raw\settled sewage = 1.0 - 5.0 %
o Oxidized effluent = 5.0 - 25 %

o Polluted river water = 25 - 100 %

18180 Buureyy BuIaL - 5301

How 1s BOD MEASURED?

Dilution Method BODTrak
7\ Y

18190 Buurely Bulwal - 53aL

(Not EPA Approved for Permit Compli'ance)

BOD CALCULATIONS

o Using the dilution method, three values must be known
in order to calculate BOD:
e Initial DO
e Final DO
e Volume of sample

181080 Buurely Buwals - 93aL

BOD DILUTION METHOD

181080 Bulurely BuwalS - 53QL

BOD — DILUTION METHOD

o Glassware

o Preparing dilution water

o Seeding dilution water

o Sampling and sample handling

o Determining range and sample volumes
o Obtaining data points

o Running Standards

Jo1080 Bulurely Buwals - 5301
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GLASSWARE

o Glassware must be extremely clean!
« Have a set of glassware dedicated to BOD testing.
o Clean glassware thoroughly before each use
o Clean with a dilute bleach solution
o Rinse at least 3x with DI water
o Clean with 1:1 sulfuric acid
o Rinse at least 3x with DI water
o Allow to air dry

J81ua) Buiures) Buiwal4 - 93aL

DILUTION WATER

o Source water

o Reagents

o Method criteria

o Failure factors

o Other considerations

18180 Buureyy BuIaL - 5301

DILUTION WATER SOURCE WATER
o 22nd Ed. Standard Methods 5210B 4.C

« Serves to check the quality of unseeded dilution water and
the cleanliness of bottles

o May be distilled, tap or receiving stream
o As long as they meet depletion of < 0.2 mg/L

o Free of heavy metals
o Ex: copper

Jawa) Buiurest Buiwald - 93aL

DILUTION WATER REAGENTS

o Use clean glassware, tubing (medical grade) and bottles

o Distilled water should be used in preparing reagents in
advance (sterilized is preferred)

o Discard if any sign of precipitation or biological growth
o Commercial reagents are acceptable

181080 Buurely Buwals - 93aL

DILUTION WATER METHOD CRITERIA

o Preferably run two blanks, beginning and ending of
sample set
o Dilution water blanks must meet quality control limits,
< 0.2 mg/L DO (preferably <0.1 mg/L)
e Otherwise discard and prepare fresh solution
o No seed or nitrification inhibitor is added for dilution
water blank

1080 Buiurest Buwald - 53aL

o Run one nitrification inhibitor blank
o Total of three blanks
¢ One dilution water blank at beginning
¢ One nitrification blank at beginning

¢ One dilution water blank at end

DILUTION WATER FAILURE FACTORS

o Check out this site for more information:
http://dnr.wi.gov/regulations/labcert/BODDH20.html

o Tubing constructed of oxygen-demand leaching material E
(consider medical grades) Tubing types Z
' Yes
%:gi; latex Ny = g
Maybe

Tygon; “fish tank type” tubing

N @

186 Biochemical Oxygen Demand
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DILUTION WATER FAILURE FACTORS

o Slime growth in delivery tubing
o Poor water quality/improperly maintained system

o Poorly cleaned bottles or dilution water storage
container

o Improperly calibrated probe

Ja1wa) Buiures) Buiwal4 - 93aL

DILUTION WATER FAILURE FACTORS

o Poor quality air for aeration.
o Deionizer systems can leach organics and grow bacteria.
e Must be cleaned on a regular basis.

o Try reverse osmosis (RO)/polisher combination systems that
will produce ASTM Type 1 water.

18180 Buureyy BuIaL - 5301

DILUTION WATER OTHER CONSIDERATIONS

o Store bought distilled water
* What are the containers made of?
¢ QA/QC of water? What’s in it?

o If it ain’t broke, don’t fix it.

o If the water that you purchased works satisfactorily and
shows good QA/QC, continue using it.

o Use an all glass still, avoid metal stills.

Jawa) Buiurest Buiwald - 93aL

PREPARING DILUTION WATER

o Store distilled water in a
BOD incubator until the
temperature reaches
20°C.

o Water is then saturated
with oxygen and is ready
for use.

18190 Buureay Bulwal - 53aL

PREPARING DILUTION WATER
o After adding buffer and

limits

nutrients, shake the bottle

vigorously to ensure saturatiorg

Add buffer Ug , yd‘ o ki
and nutrients © USe immediately: g
« Storage of prepared dilution 2

water for more than 24 hours £

after adding nutrients, minerals

and buffer is not recommended %
unless dilution water blanks
consistently meet quality control

SEEDING DILUTION WATER

o Add seed to the dilution
water (if needed)
o Seed can be added to:

¢ Bulk dilution water
preparation (good)
¢ Individual bottles (better)

19180 Bulurey Buiwal - 53aL
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SEEDING DILUTION WATER

o Seed may be necessary when testing:
o Oxidized effluents
o Toxic effluents
« Samples with insufficient microorganisms
o *¥¥%cBOD samples***

J81ua) Buiures) Buiwal4 - 93aL

SEEDING DILUTION WATER

o Sources of seed:
o Settled domestic wastewater
o Effluent from primary clarifiers
e Diluted mixed liquor from an aeration basin
o Undisinfected effluent
* Receiving water from below the point of discharge
¢ Purchased BOD seed
o When effluent of mixed liquor from a biological
treatment process is used as a seed source, inhibition of
nitrification is recommended

18180 Buureyy BuIaL - 5301

SEEDING DILUTION WATER
o How much seed should be added?

¢ Seed should contribute an oxygen demand ranging from 0.6-
1.0 mg/L.

o The amount of seed added should be adjusted from this
range to that required to provide glucose-glutamic acid
(GGA) check results of 198 + 30.5 mg/L

o For example, if 1 mL of seed is needed to achieve 198 + 30.5
mg/L, then use 1 mL in each BOD bottle receiving the test
wastewater

Jawa) Buiurest Buiwald - 93aL

SEEDING DILUTION WATER

o How is BOD of the seed determined?
¢ Run seed control to determine the BOD of the seed.

« Seed controls are run as if they were samples
o Bottles containing dilution water and specific volumes of seed

181080 Buurely Buwals - 93aL

SEED CONTROL FACTOR

o Divide the DO depletion by the volume of seed in mL for
each seed control bottle having a 2.0 mg/L depletion and
greater than 1.0 mg/L minimum residual DO and
average the results.

1080 Buiurest Buwald - 53aL

SAMPLING AND SAMPLE HANDLING

o Sampling Considerations
o Preferable to sample BEFORE any disinfection
o If sampling after any disinfection, samples MUST be seeded

Jo1080 Bulurely Buwals - 5301
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SAMPLING AND SAMPLE HANDLING

o Sample Pre-Treatment
» Composite samples kept at 1-6 °C
e Recommended Hold Time =
o Analysis must be run within 2 hours of collection (grab or end of 24-
hour compositing period)
o Refrigerate if unable to do so, <6° C
o 48-hour holding time (40 CFR 136, Table II) @ < 6°C
¢ Sample Temperature (20 + 3 °C)
o Sample (Dilution) pH (between 6.0-8.0)
¢ Check residual chlorine
o If present, (1) quench chlorine, (2) seed samples
o Samples Supersaturated? (DO > 9 mg/L at 20 °C)
o Warm; shake or aerate to remove 02

J81ua) Buiures) Buiwal4 - 93aL

DETERMINING RANGE AND SAMPLE VOLUME

o Run a series of sample dilutions, at least 3 dilutions
o Want 2 mg/L oxygen depletion in the first dilution
o Minimum sample volume
e Want 1 mg/L oxygen remaining in the last dilution
o Maximum sample volume
« Bring sample to 20 + 3°C before checking initial DO

18180 Buureyy BuIaL - 5301

DETERMINING RANGE AND SAMPLE VOLUME

o Fill bottles to top without adding bubbles

o If > 67% (200 mL) sample after dilution, add nutrients,
mineral and buffer solutions directly to the sample at a
rate of 1 mL/L (0.3 mL/300-mL bottle) or commercial
prepared product

o Add NI to partially filled sample bottle for cBOD.
e Seeding is required

o After preparing dilution, measure initial DO within 30
minutes

Jawa) Buiurest Buiwald - 93aL

DETERMINING RANGE AND SAMPLE VOLUME

First Last Dilution
Dilution Img/L §
2mg/L oxygen g
0Xygen g v remaining%
demand g
6mg/L 2

Img/L

DETERMINING RANGE AND SAMPLE VOLUME

o Selection of sample volumes used in the test depends on
two factors:
o Type of sample
« Elevation

1080 Buiurest Buwald - 53aL

DETERMINING RANGE AND SAMPLE VOLUME

Table 2 Determining Minimum Sample Volume

Sample Type Estimated BOD mg/L mL of Sample*
Strong Trade Waste 600 1
Raw and Settled Sewage 300 2
200 3
150 4
120 5
100 6
75 8
60 10
Oxidized Effluents 50 12
40 15
30 20
20 30
10 60
Polluted River Waters 6 100
4 200
2 300

* mL of sample taken and diluted 1o 300 mL in standard BOD bottle

181080 Buiurely Buwals - 53QL
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DETERMINING RANGE AND SAMPLE VOLUME

Table 3 Determining Maximum Sample Volume

Estimated BOD at
mi of Sample*
sea level 10001 5000 ft.

2460 2380 2032 1 ]
1230 189 1016 2 3
820 793 877 3 n
615 595 508 3 %’
[ a76 406 5 %
410 397 EJ 6 g
308 204 251 0 'i
246 238 203 10 g
205 198 169 2 8

164 158 135 15

123 ns m 20

82 78 3 30

a %0 3 )

25 24 21 100

2 2 10 200 ‘
B 8 7 300

* ml of sample taken and diluted 10300 ml. in standard BOD bottle

DETERMINING RANGE AND SAMPLE VOLUME

o If our sample is approximately 300mg/L BOD, what
should the minimum and maximum sample volumes be?

18180 Buureyy BuIaL - 5301

DETERMINING RANGE AND SAMPLE VOLUME

Table 3 Determining Maximum Sample Volume

Estimated BOD at
mL of Sample"
s0a level 1000 . 5000 .
o
2960 ) 3 9
Table 2 Determining Minimum Sample Volume 5 e To7e PR
Sample Type Estimated BOD mg/L | mL of Sample® 520 7% 677 33
Strong Trade Waste 600 1 615 595 508 a3
=)
Raw and Sellicd Sewage 300 2 ] s i e 58
Z0 = 10 307 339 OE;
150 4
120 5 304 2% 251 8 o
100 6 246 23 203 0E
7% 8 205 19 169 2
60 10
164 158 135 1
Oxidized Effluents 50 12
a0 15 123 19 101 20
30 20 82 L 68 30
20 30 a1 40 34 60
10 60
25 24 21 100
Poliuted River Waters 6 100
4 200 12 12 0 200
2 300 g B 7 %00

mL of sample taken and diluted 10 300 mL in standard BOD boule + l. of wwmphs sako and diloted 10 300 wil bn stamierd 500 bovts

DETERMINING RANGE AND SAMPLE VOLUME

o If our sample is approximately 300mg/L BOD, what
should the minimum and maximum sample volumes be?
e Minimum volume = 2mL
e Maximum volume = 8mL

19190 BuureAy Bulwal - 53AL

DETERMINING RANGE AND SAMPLE VOLUME

g R 8 R B

19180 Bulurey Buiwal - 53aL

DETERMINING RANGE AI}ID SAMP

L
o ) ¢

1 VOLU'I\:/TFI

I

P -
nll al
P o
PP o
P «
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DETERMINING RANGE AND SAMPLE VOLUME
Can add nitrification
inhibitor (cBOD) and
| | | |

seed after bottles T
are 2/ full

e
E
s M

Ja1wa) Buiures) Buiwal4 - 93aL

DETERMINING RANGE AND SAMPLE VOLUME

o Nitrification:
¢ Nitrosomonas + NH; + O, » NO,
¢ Nitrobacter + NO, + O, - NOy-

o Nitrogenous demand observed if these microbiologically mediated
reactions occur.

18180 Buureyy BuIaL - 5301

DETERMINING RANGE AND SAMPLE VOLUME

o Nitrification inhibitor

e Prevents Nitrosomonas from oxidizing ammonia to nitrite,
preventing nitrogenous oxygen demand in the sample
(CBOD measurement).

e TCMP — 2-chloro-6-(trichloromethyl)pyridine

Jawa) Buiurest Buiwald - 93aL

DETERMINING RANGE AND SAMPLE VOLUME

o Fill bottles past the neck with dilution water and invert
to mix (no air bubbles).

e 9 O O O

I —

18190 Buureay Bulwal - 53aL

OBTAINING DATA POINTS

o Dissolved oxygen concentration must be measured prior

to incubation

¢ Winkler titration
o Duplicate bottles must be prepared
» Dissolved oxygen meter

181080 Buiurest Buwald - 53aL

OBTAINING DATA POINTS

o Measure DO

o Prior to measurement, prepare probe by:
¢ Polarizing
o Polishing
o Calibrating

o Water saturated air or versus Winkler titration

Jo1080 Bulurely Buwals - 5301
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CALIBRATION

o Winkler titration - best; most accurate
* Relies on chemistry
o Probe: Air-saturated water
* Reagent water at 20°C shaken/aerated to saturate
e Maximum DO at 20°C ~ 9.00 mg/L
* Meter result shouldn’t vary greatly from the saturation point
o Correct for pressure and/or altitude differences

J81ua) Buiures) Buiwal4 - 93aL

CALIBRATION

o Probe: Water-saturated air (most common)
e Air-calibration chamber > calibrate at sample temperature.
Minimizes errors caused by temperature differences.

Keep interior of the chamber just moist -- not filled with
water.

Typical for probes
Probe is stored in a constant humidity environment

Container should be sealed somehow (to maintain constant
humidity)

18180 Buureyy BuIaL - 5301

OBTAINING DATA POINTS

18190 Buurely Bulwal - 53aL

OBTAINING DATA POINTS

0.00
molL

200%

DO

18190 Buureay Bulwal - 53aL

OBTAINING DATA POINTS

A Initial DO =17.3
mg/L

Read all 5
bottles

181080 Bulurely BuwalS - 53QL

OBTAINING DATA POINTS

o After measuring DO, replace any lost volume in the
bottle with dilution water.

o Replace stopper — watch for air bubbles!

Jo1080 Bulurely Buwals - 5301
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OBTAINING DATA POINTS

o Fill area in around stopper with dilution water.

o Cover with plastic BOD bottle cap.

St 2,

181080 Buureyy Bulald - 5301

I

OBTAINING DATA POINTS

o Transfer samples to 20°C
incubator and incubate
for 5 days.

181080 Buureyy Bulald - 53QL

OBTAINING DATA POINTS
o After 5 days, remove

samples from incubator
and measure final DO.

BEEE-

18190 Buurely Bulwal - 53aL

OBTAINING DATA POINTS

18190 Buureay Bulwal - 53aL

OBTAINING DATA POINTS

Final DO = 5.2
mg/L

Read all 5
bottles

19180 Bulurey Buiwal - 53aL

OBTAINING DATA

o Plug data into equation:

BODj, mg/L = (Initial DO — Final DO)
P

Jo1080 Bulurely Buwals - 5301
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OBTAINING DATA

o Plug data into equation:

P =2/300 = 0.00667

BOD,, mg/L = (7.3 — 5.2)
0.00667

BOD;, mg/L = 315
mg/L

J81ua) Buiures) Buiwal4 - 93aL

OBTAINING DATA
o If bottles were seeded:
BOD;, mg/L=(D, - D,) — (B, —B,) f

D =DO of sample P
B =DO of seed

P = Sample volume/300

F = Ratio of seed in sample to seed in control

18180 Buureyy BuIaL - 5301

OBTAINING DATA

Seedir_lg oo
Calculations depletion

[
Bottle DO¢ Depletion mL seed seed

Seed 1 c 0.3 X 8.2 30 ====
Seed 2 u 1.6 6.8 = 20 0.34

Seed 3 u 4.3 4.1 = 10 = 0.41

Avg the seed controls that meet depletion criteria
(0.34 + 0.41) = 2= 0.375 mg/L DO depletion per mL seed

S0, 2 mL undiluted seed is added to each sample
bottle. 0.375 X 2= 0.75 mg/L

Therefore, 0.75 mg/L is subtracted from the depletion of
each BOD depletion to obtain BOD result.

18190 Buurely Bulwal - 53aL

BOD SoLIDS HANDLING BIAS

o Homogeneous
e Mix sample while removing aliquot

o Use wide bore pipette
o Pipette as fast as possible to prevent loss of solids
o Pipette each sample dilution separately

181080 Buurely Buwals - 93aL

BOD QC CHECKS

o Sample depletion criteria
o Depletion should be greater than 2.0 mg/L
o Final DO should be > 1.0 mg/L
o Seed control should also meet sample depletion criteria
* Seed contribution should be between 0.6 and 1.0 mg/L
¢ Blank's DO depletion <0.2 mg/l
* GGA range approx. 198 + 30.5 mg/L

1080 Buiurest Buwald - 53aL

BOD QUALITY CONTROL

o Solubility of oxygen in water at 20°C is 9.2 mg/L

o Super saturation = initial DO > 9.0 mg/L

o Average all dilutions that meet QC criteria

o Suspect toxicity if smallest sample concentration yields
greatest uptake

o What if no samples meet criteria?
* Report qualified results

Jo1080 Bulurely Buwals - 5301
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Section 5

COMMON SOURCES OF ERROR

o Not adjusting pH to within 6.0 — 8.0
o Adjustment not required if effluent is between 6.0-8.0
e Otherwise, adjust sample temperature to 20 + 3°C, then
adjust pH to 7.0 to 7.2 (H,SO, or NaOH)
o If pH is adjusted, samples must be seeded
o Improper calibration of DO meter
o Incubation temperatures not constant
o Initial DOs above saturation

COMMON SOURCES OF ERROR

o Depletion criteria not met o Not analyzing GGA

¢ Not depleting 2.0 mg/L samples
g e Final DO <1.0 mg/L o Not evaluating for
§ o Subtracting blanks toxicity
ii o Not seeding when o Improper calculations
H required o Water quality issues
% o Seed strength not

constant

18180 Buureyy BuIaL - 5301

RUNNING STANDARDS

o Be careful purchasing GGA from Hach, some are not
the same concentration as specified in Standard
Methods

o Standard Methods - 150 mg/L each GGA
* Hach BOD Standard — 300mg/L each GGA (divide by 2)
o Hach ezGGA - gives 198 mg/L BOD results

RUNNING STANDARDS

o The concentration of standard does NOT equal BOD.
e 150mg/L each = 198 + 30.5 mg/L. BOD
e 300mg/L each = 396 + 61 mg/LL BOD

Jawa) Buiurest Buiwald - 93aL
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BOD — TAKE HOME MESSAGES

o BOD is an indirect measure of organic content.
o BOD is measured by oxidizing organics using

microorganisms (under specific conditions) and directly

measuring the amount of oxygen consumed in the
process.

QA/QC STEPS
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BOD5/cBOD5 SM5210 B — 2001 &
HACH METHOD 10360

o DOC o Control Charts
o LRB o Corrective Action
o LFB o QC Acceptance

o Dup o Batch Size
o ICAL/CCV o QC Frequency

181080 Buureyy Bulald - 5301

BOD5/¢cBOD5 SM5210 B - 2001 &
HAcH METHOD 10360

o Minimum DO depletion (including seed bottles) of 2.0
mg/l

o Minimum residual DO of at least 1.0 mg/l

o Dilution water quality check (nutrient, mineral, buffer)
must not be more than 0.2 mg/1 (0.1 is preferred)

o Seed control of three dilutions. Smallest to give at least
2.0 mg/l depletion and the largest to at least 1.0 mg/l
residual....

18180 Buureyy BuIaL - 5301

BOD5/cBOD5 SM5210 B — 2001 &
HACH METHOD 10360

o Demonstration of Capability (DOC)

¢ Run a laboratory-fortified blank (LFB) at least four times
and compare to the limits listed in the method

o Real people language: Each operator running this test needs
to analyze 4 samples of GGA at a concentration of 198+30.5
mg/L

o Documentation (signed form) that analyst has read and
understands all appropriate SOPs and Methods.

* Recommend backup analyst do this once a year.

Jawa) Buiurest Buiwald - 93aL

BOD5/cBOD5 SM5210 B - 2001 &
HACH METHOD 10360

o Method Blanks

« Real people language: analyze dilution water
o Preferably one at the beginning and one at end
02014 Update — Removed — If CBODS5 results, then also add

one Nitrification Inhibitor (

¢ Run on daily (day of)

e Target value is less than 0.20 mg/L (preferably less than 0.10
mg/L)

181080 Buurely Buwals - 93aL

BOD5/cBOD5 SM5210 B - 2001 &
HACH METHOD 10360

o Laboratory Fortified Blank

* Real people language: analyze a Glucose/Glutamic Acid
(GGA) standard at a concentration of 198+30.5 mg/L

¢ Run on a 5% basis, one for every 20 samples

* 2014 Update - If permit requires ¢cBOD, add nitrification
inhibitor (NI) to one GGA bottle once/quarter (or more often
if the Lot # of NI changes), which should be equal to 164
+30.7 mg/L

1080 Buiurest Buwald - 53aL

BOD5/cBOD5 SM5210 B - 2001 &
HACH METHOD 10360

o Duplicate
o Analyze 2 samples for BOD or CBOD
o Example, if you run 6, 9 and 12 mL on your raw/influent sample, run
a second 9 mL sample.
o You would end up with a total of 4 bottles for your raw/influent
sample
* Run on a 5% basis, one for every 20 samples
o Calculate %RPD, < 20%
* 2014 Update - For reporting purposes, average results
that meet method criteria.

Jo1080 Bulurely Buwals - 5301

196 Biochemical Oxygen Demand




TDEC - Fleming Training Center

Section 5

BOD5/cBOD5 SM5210 B — 2001 &
HACH METHOD 10360

o Initial Calibration (ICV)
« Calibrate daily (day of) by
following manufacturer’s
instructions

o Using barometric pressure is
best

o Continuing Calibration
(ccv)

« Prepare dilution water that
is air-saturated and analyze
bottles and compare to the
theoretical dissolved oxygen
concentration (+ 0.2 mg/L).
Same as DO CCV if using a
different probe

181080 Buureyy Bulald - 5301

BOD5/¢cBOD5 SM5210 B - 2001 &
HAcH METHOD 10360

o Corrective Action - 1020 B.5., B.8,. & B.15.

0 5210 B.7.b. — Identify results in the test reports when
any of the following quality control parameters is not
met:

Dilution water exceeds 0.20 mg/L (5210B.6¢)

Glucose-glutamic acid check falls outside of acceptable limits

(5210B.6b)

Test replicates show more than 30% difference between high

and low values

Seed control samples do not meet the above criteria in all
dilutions (5210B.6d) or

Minimum DO is less than 1.0 mg/L (5210B.7a3)

18180 Buureyy BuIaL - 5301

BOD5/cBOD5 SM5210 B — 2001 &
HACH METHOD 10360

o QC Acceptance Criteria

e Blanks < 0.20 mg/L

e GGA =198 + 30.5 mg/L (if running ¢cBOD, add NI to one
bottle once/quarter or more often if NI Lot# changes, and it
should =164 + 30.7 mg/L)

* RPD <20%

e Minimum of three dilutions for each sample, at least one
sample must have valid data with at least 2.0 mg/L depletion
and a residual of 1.0 mg/L

Jawa) Buiurest Buiwald - 93aL
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5-4
3. Calculations

a. LFM recovery:

— X 100 = % Recovery LFM or LEMD

where:

C, = LFM concentration determined experimentally,
S = spike dilution correction,

C = concentration of sample before spiking, and

§ = concentration of spike.

NotE: f should be more than 0.95. Spiking that dilutes a
sample by more than 5% changes the matrix significantly. Ide-
ally, keep fabove 0.99 (equivalent to 1% dilution of sample due

to spike addition) so f'can be ignored and th ion simpli
Py e equation simplified

b. LFB recovery:

Gy
T X 100 = % Recovery LEB

where: v

C, = LFB concentration determined experimentally, and

AGGREGATE ORGANIC CONSTITUENTS (5000,

I = initial concentration of analytes added to LFB.

¢. Relative percent difference:

| LFEM — LEMD|
( LFM + LFMDY, | < 100 = %RPD
2
or
D, - D,
(D1 - D,) X 100 = %RPD
2
where:

LFM = concentration determined for LFM,
LFMD = concentration determined for LFEMD,
D; = concentration determined for first duplicate, and
D, = concentration determined for second duplicate.

4. References

1. Memr, P.C. & E.E. Ziind. 2000. Statistical Meth i i
Chemistry, 2nd ed. Wiley Interscience, New York,ogs.‘;.n Arebi

2. U.S. ENVIRONMENTAL PROTECTION AGENCY. 1995, Definition and
cedure for the determination of the method detection limit, rev lpiT
40 CFR Part 136, Appendix B. Fed. Reg. 523703,

5210 BIOCHEMICAL OXYGEN DEMAND (BOD)*

5210 A

1. General Discussion

T}.le' biochemical oxygen demand (BOD) determination is an
empirical test in which standardized laboratory procedures are
used to determine the relative oxygen requirements of wastewa-
tefs, f_:fﬂu.ents, and polluted waters. The test has its widest ap-
phcatlo.n in measuring waste loadings to treatment plants and in
evaluating the BOD-removal efficiency of such treatment sys-
tems‘. The. test measures the molecular oxygen utilized during a
specnﬁed incubation period for the biochemical degradation of
organic material (carbonaceous demand) and the oxygen used to
oxidize inorganic material such as sulfides and ferrous iron. It
also may measure the amount of oxygen used to oxidize redu(;cd
forms of nitrogen (nitrogenous demand) unless their oxidation is
prcvgnted by an inhibitor. The seeding and dilution procedures
provide an estimate of the BOD at pH 6.5 to 7.5.

Measurements of oxygen consumed in a 5-d test period (5-d
?BOD or BODs, 5210B), oxygen consumed after 60 to 90 d of
incubation (ultimate BOD or UBOD, 5210C), and continuous

;‘Approved by Standard Me_thods Committee, 2001. Editorial revisions, 2011
SDltl)'l[ Tﬁsk Group: 21st Edition—James C, Young (chair), George T. ﬁowma.n
abry M. Kamhawy, Terry G. Mills, Marlene Patillo, Ray C. Whittemore. '

Introduction

oxygen uptake (respirometric method, 5210D) are described
he{'e. Many other variations of oxygen demand measurements
exist, including using shorter and longer incubation periods and
tests to determine rates of oxygen uptake. Alternative seeding
dtlut.lo_n, and incubation conditions can be chosen to mimié
recetving-water conditions, thereby providing an estimate of the
environmental effects of wastewaters and effluents.

'l_“he UBOD measures the oxygen required for the total degra-
dation of organic material (ultimate carbonaceous demand)
a-nd/or tl‘1e Oxygen to oxidize reduced nitrogen compounds (ul-
timate nitrogenous demand). UBOD values and appropriate ki-
netic descriptions are needed in water quality modeling studies
such as UBOD:BOD; ratios for relating stream assimilative
capacity to regulatory requirements; definition of river, estuary,
or lake deoxygenation kinetics; and instream ultimate ,carbona’
ceous BOD (UCBOD) values for model calibration.

2. Carbonaceous Versus Nitrogenous BOD

A l?umber of factors, for example, soluble versus particulaté
organics, settleable and floatable solids, oxidation of reduced
wron and sulfur compounds, or lack of mixing may affect the
accuracy and precision of BOD measurements. Presently, theré
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way to include adjustments or corrections to account for the
'It of these factors.
xidation of reduced forms of nitrogen, such as ammonia and
ic nitrogen, can be mediated by microorganisms and exert
enous demand. Nitrogenous demand historically has been
idered an interference in the determination of BOD, and the
jon of ammonia in the dilution water contributes an exter-/
‘_ rce of nitrogenous demand. The interference from nitrog=
: ous demand can now be prevented by an inhibitory chemical."/
inhibiting chemical is not used, the oxygen demand mea-
d is the sum of carbonaceous and nitrogenous demands.
Measurements that include nitrogenous demand generally are not/
il for assessing the oxygen demand associated with organic
. Nitrogenous demand can be estimated directly from am-
a nitrogen (Section 4500-NHj); and carbonaceous demand can
timated by subtracting the theoretical equivalent of the nitrite
nitrate produced in uninhibited test results. However, this

|
|

o

1. General Discussion
The method consists of filling with diluted and seeded sample,
overflowing, an airtight bottle of specified size and incubating
it at the specified temperature for 5 d. Dissolved oxygen is
measured initially and after incubation, and the BOD is com-
puted from the difference between initial and final DO. Because
the initial DO is determined shortly after the dilution is made, all
oxygen uptake occurring after this measurement is included in
the BOD measurement.

' For sampling and storage procedures, see 5210B.4a.

2, Apparatus

‘a. Incubation bottles: Use glass bottles having 60 mL or
ter capacity (300-mL bottles having a ground-glass stopper
1d a flared mouth are preferred). Clean bottles with a detergent,
rinse thoroughly, and drain before use.

b, Air incubator or water bath, thermostatically controlled at

lic production of DO./

3. Reagents

Precipitation or biological growth in the stock bottles; Commer-
tial equivalents of these reagents are acceptable and different
Stock concentrations may be used if doses are adjusted propor-
lionally. Use reagent grade or better for all chemicals and use;
lled or equivalent water, preferably sterilized, for making all
lutions. |

" a. Phosphate buffer solution: Dissolve 8.5 g KH,PO,, 2175¢g
K,HPO,, 33.4 g Na,HPO,7H,0, and 1.7 g NH,Cl 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

*1°C. Exclude all light to prevent possibility of photosyn-

epare reagents in advance but discard if there is any sign of

TDEC - Fleming Training Cente;a. 5

ical inhibition of nitrogenous demand provides a more direct and
more reliable measure of carbonaceous demand.

The extent of oxidation of nitrogenous compounds during the
5-d incubation period depends on the concentration and type of
microorganisms capable of carrying out this oxidation. Suchl
organisms usually are not present in raw or settled primary
sewage in sufficient numbers to oxidize sufficient quantities of
reduced nitrogen forms in the 5-d BOD test. Many biological
treatment plant effluents contain sufficient numbers of nitrifying
organisms to cause nitrification in BOD tests. Because oxidation
of nitrogenous compounds can occur in such samples, inhibition
of nitrification as directed in 5210B.5e) is recommended for
samples of secondary effluent, for samples seeded with second-
ary effluent, and for samples of polluted waters. J

3. Reference

1. Youne, J.C. 1973. Chemical methods for nitrification control. J.
Water Pollut. Control Fed. 45:637.
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KH,PO, and 1.7 g NH,CI in about 700 mL distilled water.
Adjust pH to 7.2 with 30% NaOH and dilute to 1 L.

b. Magnesium sulfate solution: Dissolve 22.5 g MgSO,7TH,0
in distilled water and dilute to 1 L.

¢. Calcium chloride solution: Dissolve 27.5 g CaCl, in dis-
tilled water and dilute to 1 L.

d. Ferric chloride solution: Dissolve 0.25 g FeCly'6H,0 in
distilled water and dilute to 1 L.

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

1) Acid—Slowly and while stirring, add 28 mL conc sulfuric
acid to distilled water. Dilute to 1 L.

2) Alkali—Dissolve 40 g sodium hydroxide in distilled water.
Dilute to 1 L.

f. Sodium sulfite solution: Dissolve 1.575 g Na,SO; in 1000
mL distilled water. This solution is not stable; prepare daily.

g. Nitrification inhibitor:

1) 2-chloro-6-(trichloromethyl) pyridine—Use pure TCMP or
commercial preparations.™®

2) Allylthiourea (ATU) solution—Dissolve 2.0 g allylthio-
urea (C,HgN,S) in about 500 mL water and dilute to 1 L. Store
at 4°C. The solution is stable for not more than 2 weeks.

h. 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. Prepare fresh immediately before use unless solution is
maintained in a sterile condition. Store all glucose-glutamic acid/
mixtures at 4°C or lower. Conjlmercial preparations may be used’
but concentrations may vary.'

i. Ammonium chloride solution: Dissolve 1.15 g NH,CI 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.

¥ Nitrification Inhibitor Formula 2533 (2% TCMP on sodium sulfate), Hach Co.;»
Loveland, CO, or equivalent,
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J. Source water for preparing BOD dilution water: Use de-
mineralized, distilled, tap, or natural water for making sample
dilutions (see 5210B.4c).|

4. Preparatory Procedures

a. Sampling and storage: Samples for BOD analysis may
degrade significantly during storage between collection and anal-
ysis, resulting in low BOD values.

1) Grab samples—If analysis is begun within 2 h of collec-
tion, cold storage is unnecessary. If analysis is not started within
2 h of sample collection, keep sample at or below 4°C from the
time of collection. Begin analysis within 6 h of collectionj when
this is not possible because the sampling site is distant from the
laboratory, store at or below 4°C and report length and temper-
ature of storage with the results. In no case start analysis more
than 24 h after grab sample collection. When samples are to be
used for regulatory purposes make every effort to deliver sam-
ples for analysis within 6 h of collection.

( 2) Composite samples—Keep samples at or below 4°C during

compositing. Limit compositing period to 24 hi/ Use the same
criteria as for storage of grab samples, starting the measurement
of holding time from end of compositing period. State storage

6"\0@}16 and conditions as part of the results.
NV

Q( Q(_y,.\

b. Sample preparation and pretreatment:

1) All samples—Check pH; if it is not between 6.0 and 8.0,
adjust sample temperature to 20 * 3°C; then adjust pH to 7.0 to 7.2
using a solution of sulfuric acid (H,SO,) or sodium hydroxide
(NaOH) of such strength that the quantity of reagent does not dilute
the sample by more than 0.5%. Exceptions may be justified with
natural waters when the BOD is to be measured at in-situ pH values.
The pH of dilution water should not be affected by the lowest
sample dilution. Always seed samples that have been pH adjusted.

2) Samples containing residual chlorine compounds—If pos-
sible, avoid samples containing residual chlorine by sampling/
ahead of chlorination processes! If residual chlorine is present,
dechlorinate sample. In some samples chlorine will dissipate
within 1 to 2 h of standing in the light. This dissipation 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 Na,SO; solition, De=%

X
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filled bottle while agitating by vigorous shaking or by aera"@
with clean, filtered compressed air./

5) Samples containing hydrogen peroxide—Hydrogen Perog.
ide remaining in samples from some industrial bleaching pyo
cesses such as those used at paper mills and textile plantg can
cause supersaturated oxygen levels in samples collected for
BOD testing. Mix such samples vigorously in open containgr
for sufficient time to allow the hydrogen peroxide to dissipme
before setting up BOD tests. Check adequacy of peroxide e
moval by observing dissolved oxygen concentrations over time
during mixing or by using peroxide-specific test strips. Mixing
times can vary from 1 to 2 h depending on the amount of
hydrogen peroxide present. The peroxide reaction can be con-
sidered complete when the DO no longer increases during a
30-min period without mixing.

c. Selection and storage of source water for BOD sample
dilution: Obtain water from suitable source— distilled, tap, or
receiving water. Make sure the water is free of heavy metals,
specifically copper, and toxic substances, such as chlorine, that
can interfere with BOD measurements. Protect source Water
quality by using clean glassware, tubing, and bottles. Deionj
water often contains sufficient amounts of organics and mic;
organisms to cause failure of the dilution water quality con I
check (5210B.6¢). Source water may be stored before use ag
long as the prepared dilution water (5210B.5a) meets quali
control criteria in the dilution water blank (5210B.6¢). Such
storage may improve the quality of some source waters but rg y
allow biological growth to cause deterioration in others, Storage
of prepared dilution water (5210B.5h) for more than 24 h afte
adding nutrients, minerals, and buffer is not recommended un3
less dilution water blanks consistently meet quality control lim!
its. Discard stored source water if the dilution water blank shows
more than 0.20 mg/L. DO depletion in 5 d (see 5210B.6¢).

d. Preparation of seed suspension: It is necessary to have
present in each BOD bottle a population of microorganisi
capable of oxidizing the biodegradable organic matter in ¢
sample, Domestic wastewater, unchlorinated or otherwise undi
infected effluents from biological wastewater treatment pl
and surface waters receiving wastewater discharges usually cor
tain satisfactory microbial populations. Some samples (for ex-
ample, some untreated industrial wastes, disinfected wastes,

termine required volume of Na,SO, solution on a 100- to, o “high-temperature wastes, wastes having pH values less than 6 or

1000-mL portion of neutralized sample by adding 10 mL 1 + 1

acetic acid or 1 + 50 H,SO,, 10 mL potassium iodide (KI) *
solution (10 g /100 mL) per 1000 mL sample and titrating with
Na, S0, solution to the starch-iodine end point for residual. Add
to neutralized sample the proportional volume of Na,SO, solu-
tion determined by the above test, mix, and after 10 to 20 min
check sample for residual chlorine. (NOTE: Excess Na,S0, exerts
an oxygen demand and reacts slowly with certain organic chlo-

Do not test chlorinated/dechlorinated samples without seeding.

" 3) Samples containing other toxic substances—Certain indus-
trial wastes, for example, plating wastes, contain toxic metals.
Such samples often require special study and treatment.

4) Samples supersaturated with DO—Samples containing DO
concentration above saturation 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 by bringing sample to about 20 * 3°C in partially

greater than 8, or wastes stored more than 6 h after collection) do
not contain a sufficient microbial population. Seed such samples
by adding a population of suitable microorganisms. The pre-
ferred seed is obtained from a biological treatment system pro-
cessing the waste. In this case, use supernatant from settled,
domestic wastewater, effluent from primary clarifiers, diluted

mixed liquor from an aeration basin, undisinfected effluent, or

/v rteceiving water from below the point of discharge. When efflu-
ramine compounds that may be present in chlorinated samples.) |/

ent or mixed liquor from a biological treatment process is use f
as a seed source, inhibition of nitrification is recommended. Do
not use seed from effluents that have been disinfected by chlo-
rine or other means. Commercial seed sources may be used but
are more likely to be unadapted to the wastewater constituents.
Do not filter seed sources; filtering removes the seed microor-
ganisms.

When acclimated seed sources are not available, develop an
acclimated seed in the laboratory by continuously aerating a
sample of settled domestic wastewater and adding small daily

\
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ments of sample from the waste in q}Jestion. Use a le11
nsion, activated sludge, or a com.merc:lal seec.l preparation
tain the initial microbial populano[_l. Determme‘the f:x(ls]-c
of a satisfactory population by testing the perfo:rqance 0

ced in BOD tests on the sample. BOD v.aluszs that increase
i: time of adaptation to a steady high value indicate successful
Wil

<eed acclimation.
Testing Procedure

ration of dilution water: Transfer desireld working
?ﬁnf;egg source \{Iatcr (5210B.4¢) to a suitably sized bottle
ss is preferred). Check to ensure that thc? dissolved oxygen
centra-tion is at least 7.5 mg/L before using water for BQD
f not, add DO by shaking bottle or by aerating with
B sanic-free filtered air. Alternatively, store the watei.m ctott(;g-
: bottles long enough for the DO concentration to ap-
fg;gxgleliaturation. Agdd 1 mL each of phosphate buffer, MgSO,,
'faClz, and FeCl; solution/L to prepared source +“:r;ttér
(5210B.4c). Mix thoroughly and bring temperature to 20 + 3°C.
jare dilution water immediately before use unless dllutl()l'l.
blanks (5210B.6¢) show that the water is acceptable after/
er storage times, If the dilution vlvater bllanks show a DO
depletion greater than 0.20 mg/L, obtain a satisfactory water by
improving purification or use water froxn another source. Do_nﬁt
' add oxidizing agents or expose dilution 'water to ultraviolet light
attempts to bring the dilution blank into range. -
kb Sample temperature adjustment: Bring samples to 20 =
39( before making dilutions. | o
¢. Preparation of dilutions: Using the dilution water prepared

e recommended if experience with a particular samlpl-e does not
roduce at least three bottles having acceptable minimum Dp
epletions and residual limits (5210B.6a). A more rapid apalyms,
“such as COD (Section 5220), may be correlated‘ apProxunately
with BOD and serve as a guide in select'mg dilutions. In the
absence of prior knowledge, use the following percentages of
wastewater when preparing dilutions: 0.01 to 1.0% for strong
industrial wastes, 1 to 5% for raw and settled wastewaler, 5to
- 25% for biologically treated effluent, and 25 to 100% for pol-
luted river waters. The number of bottles to be prepared for eac_h
 dilution depends on the DO technique and the nur.nber of repli-
cates desired. Prepare dilutions in volumetric containers (Class A
glass or equivalent) and then transfer to BOD bottles or prepare
 directly in BOD bottles. Either dilution method can be combined
~ with any DO measurement technique. . ' .

1) Dilutions prepared in volumetric contamers—UsnIg a
wide-tipped pipet, add desired amount of p_repared sample to
individual volumetric cylinders or flasks. Mix the sample \.veil
ifﬂmediat{aly before pipetting to avoid losslof solic!s b.y settling.
For dilutions greater than 1:100 make a primary dilution before
making final dilution in the bottle. Fill cylinders or flaskslat least
two-thirds full of dilution water without entraining alr..A.dd
appropriate amounts of seed suspension (] d below) Iand pltr}ﬁ-
cation inhibitor (] ¢ below). Dilute to final lelve_:l w1t_h d1l.ut10n
water (J @ above). Mix well but avoid entraining air. S1p}}on
mixed dilution into a suitable number of BOD boftles, taking
care not to let solids settle in the cylinder or flask during transfer.

i iluti f prepared sample’
in J a above, make at least three dilutions o | i
nated to produce a residual DO of at least 1.0 mg/L aqd a.DO =
ce of at least 2.0 mg/L after a 5-d incubation; Five dilutions .

SectiBi’5

2) Dilutions prepared directly in BOD bottles'HUsir}g a v_vlde-
tip volumetric pipet, add the desired sample volume to 1n(.ilv1duali
BOD bottles. Fill each BOD bottle approximately two-thirds f_'ul_l
with dilution water. Add appropriate amounts of seed sus‘perESII()ly
(7 d below) and nitrification inhibitor (] e below) to the individ-

ual BOD bottles. When a bottle contains more than 67% (?f the MNoOre
sample_after dilutio-n, nutrients may be limited inl the diluted '\'h(lr\
éample and subsequently_reduce biological activity. In s_uch 17
samples, add the nutrient, mineral, and buffer solutions or 20|

(5210B.3a—e) directly to diluted sample. at a rate of 1 m[.,f’l_,
{0.30 mL/300-mL bottle) or use comlng,l;gl‘ally prepared solutions
designed to dos ropriate bottle size.

d. Addition of seed suspension: 1f seedin_g.is used, add seed
suspensions to the dilution vessels or to individual BOD bottles
before final dilution as described in q ¢ ab()\_re. Do npt add seed
directly to wastewater samples if they contain materials that ar¢
toxic before dilution. Generally, 1 to 3 mL of seftlec.i raw wz‘\stej=
water or primary effluent or 1 to 2 mL of_ a 1:10 dilution of nyxcd
liquor/300-mL bottle will provide a suitable amount of. micro-
organisms; Do not filter seed suspension before use. Agitate t.he
seed suspension during transfer to ensure that the same quantity
of microorganisms is added to each BOD bottle. Always record
the exact volume of seed suspension added to each bottle. The
DO uptake attributable to the seed added to each bottle generally
should be between 0.6 and 1.0 mg/L, but the amount o.f seed
added should be adjusted from this range to that reqmre,g :c_)
provide glucose-glutamic acid (GGA) check resylts 'of 19§ |
30.5 mg/L. For example, if 1 mL of seed suspension is re.qulre:d /
to achieve 198 = 30.5 mg/L BOD in the g}ucose—'gl}ltarrt\illc atgsdt«
check, then use 1 mL in each BOD bottle reqc1v1ng e tesl
wastewater; A 1 o6 mauch -segc\ +D odd to 66 A
. e. Addition of nitrification inhibitor: Samplt?s t'hat may require
nitriﬁcation inhibition' include, but are not lllmltt‘,(li to, biologi-
cally treated effluents, samples seeded with bllologlcal'ly t.re_a-ted
effluents, and river waters. Note the use of nitrogen lnhlblthn
and the chemical used when reporting results: (NOTE: TFZMP is
the preferred nitrification inhibitor but requires handlmg zmld
transfer in a solid form. Allylthiourea is not .always. effective in
inhibiting nitrification within the 5-d incubation -penod and con-
centrations above 2 mg/L may cause increases in carbonaceous
BOD measurements. ATU concentrations above 2 mg{L also can
adversely affect the azide modiﬁcatiox.l of ‘ the. 1(.)d.ometr|c.
method). Seed all samples to which Illtl‘lﬁCathI.l 1nh1b1_tor has;
been added, The amount of seed should be consistent with tha;i‘:
required to achieve GGA test results in the range of 198 £ 30.5

.6b).
mgll; I&?tzr}g(]itlogl inhibition using 2-chloro-Q-(trichloromethyl)
pyridine (TCMP)—Add 10 mg TCMP/L to d1l}1tec-1 sample or 3
mg TCMP to each 300-mL bottle or sample d11utf0{1'vessel, or
proportional amounts 1o other sized bottles, after 1.n1t1.a1 sample
dilution but before final filling of the bottles with dilution water..
‘Do not add TCMP to BOD bottles before they are .at least
two-thirds filled with diluted sample; (NOTI?: TCM[_’ dissolves
slowly and can float on top of the sample if not mixed well):
Some commercial TCMP formulations are not 100% TCMP;
just dosage appropriately.
adJZ) Nitriﬁiatigg in[l)libition using allylthiourea (ATU)—Add 1
mL ATU solution [5210B.3g2))/L diluted sample or 0.3 mL/
300mL gest bottle or sample dilution vessel. Do not add ATU to
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BOD bottles until they are at least two-thirds filled with diluted
sample.

J- Sealing of bottles: Complete filling of each bottle by adding
enough dilution water that insertion of the stopper leaves no
bubbles in the bottle. Mix the sample by turning the bottle’

- manually several times unless a DO probe having a stirrer is used’

immediately to measure initial DO concentration: As a precau-
tion against drawing air into the dilution bottle during incuba-

tion, use a water seal. Obtain satisfactory water seals by invert- _ -

ing bottles in a water bath or by adding water to the flared mouth
of special BOD bottles. Place a paper or plastic cup or foil cap
over flared mouth of bottle to reduce evaporation of the water
seal during incubation.

8. Determination of initial DO: Use the azide modification of
the iodometric method (Section 4500-O.C) or the membrane
electrode method (Section 4500-0.G) to determine initial DO on

all sample dilutions, dilution water blanks, and, where appropri- <.

ate, seed controls. Replace any displaced contents with sufficient ','
diluted sample or dilution water to fill the bottle, stopper all .,
bottles tightly, and water seal before beginning incubation. After “ "
preparing dilution, measure initial DO within 30 min, If the - -

membrane electrode method is used, take care to eliminate drift . = | fie
4 incubate one or more bottles of dilution water that contait

in calibration between initial and final DO readings. If the azide :
modification of the titrimetric iodometric method is used, pre- «*
pare an extra bottle for initial DO determination for each sample a)
dilution. "
h. Sample incubation: Incubate at 20°C = 1°C the stoppered
and sealed BOD bottles containing desired dilutions (§ @ above),
seed controls (5210B.6d), dilution water blanks (5210B.6c¢), and
glucose glutarmc acid checks (5210B 6b) Exclude llght to avoid

detE‘rTn"iﬁé"'DO‘in all sample dilutions, and in '.
checks as in 5210B.6b-d, using the azide modification of the b5
titrimetric method or the membrane electrode method.

6. Quality Control Checks M

The quality control practices considered to be an integral part
of each method are summarized in Table 5020:1.

a. Minimum residual DO and minimum DO depletion: Only
bottles, including seed controls, giving a minimum DO depletion
of 2.0 mg/L and a residual DO of at least 1.0 mg/L after 5 d of
incubation are considered to produce valid data, because at least
2.0 mg oxygen/uptake L is required to give a meaningful mea-
sure of oxygen uptake and at least 1.0 mg/LL must remain
throughout the test to ensure that insufficient DO does not affect
the rate of oxidation of waste constituents. Exceptions occur for
reporting purposes only when the depletions for tests using
undiluted samples in all bottles fall below 2.0 mg/L and when the
residual DO in all dilutions is less than 1.0 mg/L (5210B. 7)
Wheén using membrane electrodes  for 1 measuring DO,
en ééhbr‘ét,bn‘ﬁlieeks to'ensure aé’éi.lfate DO readfng Sec-
tion 4500 0.G.3a).

b. Glucose-glutamic acid check: The glucose-glutamic acid
check is the primary basis for establishing accuracy and preciv
sion of the BgD test and is the principal measure of seed quality
and set-up procedure; Together with each batch of samples,
check seed effectiveness and analytical technique by using pro-

LA

fz<

AGGREGATE ORGANIC CONSTITUENTS (500g) ;

cedures in 5210B.5 to make BOD measurements on an ual
weight mixture of glucose and glutamic acid as follows: Adg

sufficient amounts of standard glucose-glutamic acid SO]Ullon
(5210B.3h) to give 3.0 mg glucose/L and 3.0 mg glutamic acig
/L in each of three test bottles (20 mL GGA solution/L seedeg
dilution water, or 6.0 mL/300-mL bottle). Commercial solutiong
may contain other glucose-glutamic acid concentrations; adjusg
doses accordingly. Add nitrification inhibitor if seed is obtaing

from a source that is nitrifying/ Evaluate data as describeq in
5210B.8, Precision and Bias. The resulting average BOD for the
three bottles, after correction for dilution and seeding, must fall
into the range of 198 = 30.5 mg/L. If the average value fallg
outside this range, evaluate the cause and make appropriate
corrections. Cons:stently hlgh values can mdlcate the use of tog)

glutarmc acui and check the sources of dlluthl‘l water and se I
qf seed, -
c. Dilution water quality check: With each batch of sam

nutrient, mineral, and buffer solutions but no seed or nitrification’
inhibitof! This dilution water blank serves as a check on quality
of unseeded dilution water and cleanliness of incubation bottlg
Determine initial and final DO as in 5210B.5g and i. The DO
uptake in 5 d must not be more than 0.20 mg/L and preferably
not more than 0.10 mg/L,, before making seed corrections. If the
agg;%pﬁ Waler blank exceeds 0.20 mg/L., discard all data for te§
ilution water or clearly identify such samples in

records

d.'Seed control: Determine BOD of the seed suspension as f
any other sample. This is the seed control. Ideally, make thr
dilutions of seed such that the smallest quantity gives at least
mg/L DO depletion and the largest quantity results in at least 1,
mg/L DO residual after 5 d of incubation, Determine the DO
uptake per milliliter of seed added to each bottle using either the
slope method or the ratio method. For the slope method, plot D
depletion in milligrams per liter versus milliliters of seed forﬁ%
seed control bottles having a 2.0 mg/L. depletion and 1.0 m@‘
mum residual DO. The plot should present a straight line ,fgl‘
which the slope indicates DO depletion per milliliter of seed.
DO-axis intercept is oxygen depletion caused by the diluti
water and should be less than 0.20 mg/L (see { ¢ above).|For the
ratio method, divide the DO depletion by the volume of seed ‘_
milliliters for each seed control bottle having a 2.0 mg/L depl
tion and greater than 1.0 mg/L. minimum residual DO_and
average the e results (S—eed dilutions showmg w:dely varymg
pletions per milliliter of seed (£ 30%) suggest the presence of:
toxic substances or large particulates in the seed suspension; ﬁ
this case, check or change the seed source.

7. Data Analysis and Reporting

a. Calculations:
1) For each test bottle having 2.0 mg/L minimum DO depletion
and at least 1.0 mg/L residual DO, calculate BOD as follows:

- @dn'each dilution series. Report the result as BODj if nitrifi-
* cation is not inhibited. Report results as CBOD: if nitrification is
~ inhibited. Samples showing large differences between the com-

j GHEMICAL OXYGEN DEMAND (5210)/5-Day BOD Test

(D, — D) — (S)V;

BODs, mg/LL = P

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

D, = DO of diluted sample after 5 d incubation at 20°C, mg/L,

§ = oxygen uptake of seed, A DO/mL seed suspension added
per bottle (5210B.64) (S = 0 if samples are not seeded),

y, = volume of seed in the respective test bottle, mL, and

P = decimal volumetric fraction of sample used; 1/P = dilution
factor.

4 ~ 2) If DO depletion is less than 2.0 mg/L. and sample concen-
 (ration is 100% (no dilution except for seed, nutrient, mineral,
and buffer solutions), actual seed-corrected, DO depletion may
e reported as the BOD even if it is less than 2.0 mg/L.

~ 3) When all dilutions result in a residual DO <1.0, select the
!)ottle having the lowest DO concentration (greatest dilution) and

1 {epoﬂ

(Dy — Dy)
P

- (S)Vs
BOD, mg/L >

In the above calculations, do not make corrections for DO
e by the dilution water blank during incubation. This cor-

: rection is unnecessary if dilution water meets the blank criteria
. stipulated in 5210B.6¢. 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.

b. Reporting: Average the test results for all qualified bottles

%

ited BOD for different dilutions, for example, greater than
0%, may indicate the presence of a toxic substance or analyt1cal

+ Minimum’ DO is less than' 1.0 mg/L. [5210B 7a3)] P*
8. Precision and Bias

There is no measurement for establishing bias of the BOD
procedure. The glucose-glutamic acid check prescribed in
5210B.6b is intended to be a reference point for evaluation of
dilution water quality, seed effectiveness, and analytical tech-
nique. 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

.._‘R
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In a series of interlaboratory studies,” 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,
X, and standard deviation, S, from these studies were:

X = 0.658 (added concentration, mg/L) + 0.280 mg/L

S = 0.100 (added concentration, 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.

a. 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 interlabo-
ratory tests, is recommended as a control limit for individual
laboratories. Alternatively, each laboratory may establish its
control limits by performing a minimum of 25 glucose-glutamic
acid checks (5210B.6b) 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 the glucose-glutamic acid test results are outside the
range of 198 * 30.5, re-evaluate the control limits and investi-
gate 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 or identify
such tests clearly in all data records and reports.

b. 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 corrected for seed,
and multiplied by the dilution factor.

Detection limits are established by the minimum DO depletion
and minimum DO residuals as follows:

» The lower detection limit for unseeded samples that require
dilution (S = 0; P < 1.0) is 2 mg/L. multiplied by the dilution
factor as established by the requirement for a minimum DO
depletion of 2 mg/L.

» The lower limit for seeded samples that require dilution
(S > 0; P < 1.0) is approximately 1 mg/L as established by the
minimum depletion of 2.0 mg/L minus the maximum seed cor-
rection, which should be less than about 1 mg/L.

* The lower limit for unseeded samples that require no dilution
S = 1.0) is equal to the detection limit of the DO
measurement method (~0.1 mg/L).

* The lower detection limit for seeded samples that require no
dilution (S > 0; P = 1.0) is 0 mg/L,, as established by the difference
between the sample DO depletion and the seed correction.

9. References

1. Youns, J.C. 1973. Chemical methods for nitrification control. J.
Water Pollut. Control Fed. 45:637.

2. U.S. ENVIRONMENTAL PROTECTION AGENCY, OFFICE OF RESEARCH AND
DEVELOPMENT, 1986. Method-by-Method Statistics from Water Pol-
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-t Sample Dilutions
Criteria
REQUIREMENTS
FOR

VALID BOD; RESULTS

Blank depletion must be < 0.2 mg/L DO

Initial DO must be < 9.0 mg/L

Samples must deplete at least 2.0 mg/L DO

Samples must have at least 1.0 mg/L DO remaining

at the end of the incubation period

201
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Section 5

Seed ing .
Calculations depletion

per mL
DO Depletion mL seed seed

Seed 1 8.5 0.3 X 8.2 30 ——
Seed2 8.4 1.6 6.8 =+ 20 = 0.34
Seed3 8.4 4.3 4.1 =+ 10 = 0.41

Avg the seed controls that meet depletion criteria
(0.34 + 0.41) + 2 = 0.375 mg/L DO depletion per mL seed

So, 2 mL undiluted seed is added to each sample
bottle. 0.375 X2 =0.75 mg/L

Therefore, 0.75 mg/L is subtracted from the depletion of
each BOD depletion to obtain BOD resulit.

Biochemical Oxygen Demand
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BOD (CBOD) (5210 B-2001)
Power point presentation
Setup teams (2 people per team)
Check incubator temperature (20+1°C)
Nitrification inhibitor for CBOD samples (Hach #253335)
Add to all samples except dilution water for CBODs
Prepare deionized water (4L per team)

Set up BOD bottles (13-16 bottles)

2 dilution water blanks

2 GGA standards

3 seed controls

3-4-influent sample dilutions (including duplicate)

3-4 effluent sample dilutions (including duplicate)
Prepare dilution water (5210 B-2001 5.a.)

Clean bottle for dilution water (3L capacity)

BOD Nutrient Buffer Powder Pillows, 3L,
Hach #1486166 (1 batch per team with a little left over)

Dilution water for influent samples per team
1200mL
Dilution water for effluent samples per team
600mL
BOD Nutrient Buffer Pillows, 300 mL, Hach #1416066

Used for 300mL sample (any dilution greater than 200mlL) (5210 B-2001
5.c.2)

Biochemical Oxygen Demand 203
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Obtain influent, effluent and mixed liquor (for seed material if not using
freeze-dried seed) samples from STP

Preparation of samples (5210 B-2001 4.b.1.)
Check pH (if not between 6.0 and 8.0, then)

Adjust temperature to 20+3°C
Adjust pH to 7.0 to 7.2 using sulfuric acid and/or sodium hydroxide

Treat for total residual chlorine (5210 B-2001 4.b.2.)

Supersaturation (5210 B-2001 4.b.4.) initial DO <9.0 mg/L before setting
up dilutions

Dilutions (5210 B-2001 5.c.)

Influent (50mL per team)

3.0mL
6.0mL
9.0mL
duplicate

Effluent (1000mL per team)

75mlL h
150mL

300mL

duplicate

Set up seed controls (5210 B-2001 6.d.) Can use freeze-dried seed material;
settled raw wastewater or primary effluent or \
~1-2mL of 1:10 dilution of mixed liquor per 300mL bottle

25.0mlL for mixed liquor dilution

30.0mL
35mlL

Set up GGA (glucose glutamic acid) standard
2 bottles 6mL GGA (according to instructions)
Adding amount of seed material, same as samples

Set up 2 bottles of dilution water one at the beginning and one at the end of
the samples

204 Biochemical Oxygen Demand



22nd eglifion ﬁmp@%M%@qt%lSZlOB Operator:__ Checked by: _ gection 5
CBOD / BOD WORKSHEET

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5

Incubator Temperature °c
Location Collected: Initial Date: After Cls: Sample Seeded:
Sample Type: Final Date: Before Cl,: N Time Sample Collected:
INFLUENT (RAW) EFFLUENT UP STREAM DOWN STREAM BLANKS
DUP DUP DUP DUP
mL. used 300ml 300ml
OR % Concentration (P) 100% 100%
Bottle Number
Initial DO (Dy)
(-) Final DO (D)
Oxygen Demand
(D1 -D»)
(-) Depletion due to seed
(B1 - By)f
Dilution Factor (1/P)
Vol/300mL= P
5-Day BOD (mg/L)
Avg. mg/L
For unseeded samples: (D1 - D2) (D1 - D2) - (B1 -B2)f
BODs, mg/L = ——— For seeded samples: BODs, mg/L = o
Add 4mL of settled primary clarifier effluent or settled raw sewage for each liter of seeded dilution water. Manufactured seed material is also available.
Seed Control
mL. used _ Seed Dilution Water
OR % Concentration (P) (Oxygen Demand Calculation)
Initial DO (By) Source of seed material:
Final DO (B2) Initial Date: Final Date:
Oxygen Demand % Concentration Used:
| If seed material is added directly to sample or to seed control |
(volume of seed in diluted sample)
fValue: f= -
(volume of seed in seed control)
205
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Glucose-Glutamic Acid (GGA) Test
(18" edition Standard Methods 5210B)

TDEC - Fleming Training Center

Intended use for evaluation of dilution water quality, seed effectiveness, and analytical technique

Use 6 mL of BOD Standard and

mL of seed (typically 2 mL)

GGA std

mL. GGA used

mL seed

Bottle Number

Initial DO (D)

() Final DO (D)

Oxygen Demand (depletion)
(D1-Do)

(-) Depletion due to seed
(B1—By)f

Net depletion due to GGA
(D1-D2) - (B1—Bo)f

Dilution Factor (300/6)

50

50

GGA std BOD values should lie within the range of

198 + 30.5 mg/L. (167.5-228.5 mg/L)

Weak seed usually causes LOW GGA
results.

Some sewage seeds are relatively inactive
and yield LOW GGA results.

Soap contamination typically yields HIGH
GGA results.

Distilled water contaminated with copper
yields LOW GGA results.

Too much seed usually causes HIGH GGA
results

BOD bottles that are not properly rinsed is
indicated by HIGH GGA results and would
also result in high blank depletion

5-Day BOD (mg/L)

206
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Increasing
acidity

Meutral

Increasing
alkalinity

Section 6
pH

-

thery acid

mon juice

Acid rain
Adult fish die

Fish reproduction affected

Normal range of precipitation pH

Mermal range of stream pH

Baking soda
Sea water

W & - & ot B W@ M

Milk of Magnesia

12 Ammonia
13 Lye

Source: Emdironment Canada
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pH

» One of the most important and frequently used tests in
water chemistry

» A measure of the intensity of the acidic or alkaline
character of a solution

TENNESSEE DEPARTMENT OF . . . . ..
ENVIRONMENT AND CONSERVATION » Logarithmic scale of ionic activity
0to I4s.u.
pH » pH values cannot be averaged
1 TDEC - Fleming Training Center 2 TDEC - Fleming Training Center
pH Measurement pH Theory
» pH is typically measured » Acid
with a meter and probe » increases the hydrogen ion (H+) concentration in a solution
» This is an » Base
electrochemical method » increases the hydroxide ion (OH-) concentration in a solution
of analysis
3 TDEC - Fleming Training Center 4 TDEC - Fleming Training Center
pH Theory pH Scale

» pH is defined as the negative log of the molar hydrogen
ion concentration in aqueous solution

|
m n
Vinegar Ammonia

pH 3 pH 115

Base

14

5 TDEC - Fleming Training Center 6 TDEC - Fleming Training Center
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pH Scale

Section 6

» pH is a negative logarithmic function

» Each decrease in pH unit = 10X increase in acidity
» Solution at pH4 is 10X more acidic than solution at pH5
» Solution at pH 4 is 100X more acidic than pHé solution

How Does a pH Probe Work?

» Probe measures hydrogen ion concentration
» Two electrodes in probe:
a) sensing half-cell,
b) reference half-cell

8 TDEC - Fleming Training Center

14
100X
7 TDEC - Fleming Training Center
lon Sensing Reference
Half-Cell Half-Cell
Ag/AgCl
- Wire ===
Internal Filling
Solution Ret
ererence
( — Electrolyte
:\ Salt Bridge
9 TDEC - Fleming Training Center JUnCtiOn

Reference Half-Cell

» Dispenses reference solution which completes circuit for
meter

10 TDEC - Fleming Training Center

Sensing Half-Cell

pH 7 Solution

H* conc. the
same both inside

Hydrogen ion
concentration fixed

Sensing Half-Cell

and outside glass atpH7
bulb
*No potential
develops H

+ H+

H* H
H*  H*
1 TDEC - Fleming Training Center

pH 7 Solution

H* conc. the same
both inside and
outside glass bulb

*No potential
develops

12 TDEC - Fleming Training Center
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Sensing Half-Cell

TDEC - Fleming Training Center

Sensing Half-Cell

pH 4 Solution

H* conc. 1000x
greater outside
glass bulb

*Potential develops

14 TDEC - Fleming Training Center

Sensing Half-Cell

pH 10 Solution

H* conc. 1000x
greater inside glass
bulb

*Potential develops

16 TDEC - Fleming Training Center

pH 4 Solution
H* conc. 1090)( Hydrogen ion
greater outside concentration fixed
glass bulb atpH7
*Potential develops
1000H* 1000H*
1000H* 1000H*
000k 100" 1000H*
13 TDEC - Fleming Training Center
Sensing Half-Cell
pH 10 Solution
H* conc. 1000x Hydrogen ion
greater inside glass concentration fixed
bulb atpH7
*Potential develops
H+
4 H*
15 TDEC - Fleming Training Center
Calibration

» A calibration curve allows
the meter to convert a

measured millivolt
potential into a pH
reading.
>
£
pH

Calibration

17 TDEC - Fleming Training Center

» The optimal slope for pH is -58 + 3 mV/decade.

What does this mean?

210
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Calibration

Section 6

+180

4 7 10
pH

The mV values from the previous demos (4, 7, and 10 buffers) are plotted on a
graph of mV versus pH. A line is drawn between the points and the slope
determined. Since slope is rise over run, it will be in units of mV per pH unit, or
mV per decade (since the difference between pH units is 10X).

Calibration

19 TDEC - Fleming Training Center

» -180mV difference measured between pH4 and pH7
» pH4 to pH7 (3 pH units) is 1000x concentration change
» Decade = 10-fold concentration change
= |pH unit
» -180/3 = -60 ~ -58mV/decade

20 TDEC - Fleming Training Center

Importance of pH control

» Ammonia toxicity is influenced by pH
» pH plays an important role in the solubility of metal salts

» pH affects the rate at which chlorine reacts to form
chloramines (which are less effective disinfectants)

21 TDEC - Fleming Training Center

pH Sampling

» Holding time = |5 minutes

» Preservation = none

» Sample container = glass or plastic
» Grab sample

» Continuous monitoring possible

22 TDEC - Fleming Training Center

pH Meter Calibration
» Follow manufacturers instructions
» Use fresh buffers (4,7, & 10 s.u.)

» Stir buffers and samples at the same speed without a
vortex

» Rinse and blot dry electrodes between samples and
buffers

» Accurate and reproducible to within 0.1 s.u.

23 TDEC - Fleming Training Center

pH Meter Calibration (cont)

» Start with pH = 7.0 buffer (usually)

» Second buffer 3 s.u. different that brackets expected
sample pH (4 or 10)

» Immerse in a third buffer - reading should be within 0.1
s.u.

» If response is accurate - read and record previous buffers
as samples (pH and temperature )

24 TDEC - Fleming Training Center
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Common Deficiencies

» The pH meter was calibrated using one buffer or expired
buffers

» The continuous pH meter was not calibrated on a regular
basis

» Buffers were left open and being reused for a week

25 TDEC - Fleming Training Center

New Probe

» Condition new pH probe
in pH 7 buffer for
approximately 30 minutes
before initial use

» Probes must also be
conditioned after cleaning
or if it had been stored
dry as long term storage

27 TDEC - Fleming Training Center

Measurement

v

Place probe into sample, stir, and wait for readings to
stabilize

v

Rinse and blot dry between measurements

v

Storage between measurements
» As suggested by probe manufacturer
» pH electrode storage solution (best)

29 TDEC - Fleming Training Center
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pH
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Maintenance

» New probe

» Calibration

» Measurement/Storage
» Troubleshooting

» Cleaning

26 TDEC - Fleming Training Center

Calibrate

» Calibrate pH meters daily using two or three buffer
solutions

28 TDEC - Fleming Training Center

Troubleshooting

» mV reading in pH 7 buffer

» Should read 0 = 30 mV in pH 7 buffer
» Response time

» May require cleaning if slow in buffered solution
» Slope

» Optimal slope is -58 + 3 mV/decade

30 TDEC - Fleming Training Center
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Cleaning

» Slow response may indicate need for cleaning

4

» Alternate soaking in dilute hydrochloric acid and dilute
sodium hydroxide

» Rinse with deionized water

» Condition in pH 7 buffer before use

» Filler hole button was not removed

Read probe manual for cleaning method
recommended by manufacturer

31 TDEC - Fleming Training Center

pH SM4500-H* B - 2000
Electrometric Method

14
14
»
»
14

DOC

Dup

ICAL/CCV
Corrective Action
QC Acceptance

» Batch Size
» QC Frequency

33 TDEC - Fleming Training Center

pH SM4500-H* B — 2000 Electrometric
Measurement

» Initial Calibration E
» Calibrate per manufactures 23
instructions with fresh
buffers daily (day of).
» 2014 Update - Analyze a
7 buffer solution as a
sample after calibration
and before samples to
verify initial calibration
(ICV), should be within £
0.2 s.u.

» Calibration Verification

» Read 7 buffer after
analyzing samples daily

=
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pH

Section 6

|
I I
0123 5 6

I
4 7 8 9 10 11 12 13 14
Increasing Acidity | Increasing Alkalinity
Neutral
32 TDEC - Fleming Training Center

pH SM4500-H* B — 2000 Electrometric
Measurement

» Read to 1/10% units only, 0.0 s.u.

» Demonstration of Capability (DOC)

»

Run buffer at least four times and compare to the limits listed
in the method

v

Real people language: each operator running this test need to
calibrate and analyze 4 buffers at a pH of 7

v

Documentation (signed form) that analyst has read and
understands all appropriate SOPs and Methods.

v

Recommend backup analyst do this once a year.
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pH SM4500-H* B — 2000 Electrometric
Measurement

» Duplicates of the sample

» Run on a 5% basis, one for every 20 samples

» Within £ 0.2 s.u.

» 2014 Update - For reporting purposes, all duplicates
should be reported according to your permit limits. If
your permit sets a minimum or maximum limit such
as pH, then the minimum or maximum value should
be reported even if falls outside your permit limit.

36 TDEC - Fleming Training Center
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* Analysis of Solids in Wastewater

Wastewater Laboratory Class

TENMESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center

(7

Wastewater Solids Removal

¢ Most suspended solids are organic
¢ Oxygen Demand
o Serve as refuge for harmful bacteria

¢ Unsightly appearance

TDEC - Fleming Training Center

(73

Definitions

e Total Solids
o All residue left after drying
e Dissolved Solids
o The portion of TS which pass through a 2.0um filter
¢ Suspended Solids
o The portion retained on the 2.0um filter
e Fixed Solids
o The portion of TS, DS,TSS which remains after
ignition at 550°C
e Volatile Solids
o The portion which burned away at 550°C

TDEC - Fleming Training Center
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Solids
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Why do | care about Solids?

¢ Major function of STP is reduction
organic loading of wastewater for safe
discharge to receiving stream

o Biological treatment: monitored through BOD
and COD (Demands)

o Sedimentation: monitored through total
suspended solids (TSS)

TDEC - Fleming Training Center 2

Solids Testing

e Why should | care about solids tests?
o Assessment of compliance

o Control of Biological and Physical treatment
process
* Poor data = Poor decisions

TDEC - Fleming Training Center 4

Standard Methods 2540B-G

* Sources of error
o Sampling
° Sub sampling
o Measuring
o Filter/Bowl preparation
o Filter/Bowl handling
¢ Remedies
° MIXWELL
o Measure quickly

TDEC - Fleming Training Center 6
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Standard Methods 2540B-G

e Temperatures

° Each Method has a specified drying Temp.

o Minimize opening desiccator

o Weigh quickly, dry samples attract moisture
e Rinse Water

o Type ll, distilled or deionized water

TDEC - Fleming Training Center 7

Section 7
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Standard Methods 2540B-G

e Sampling
° Glass or plastic containers, watch for particles
adhering to container walls especially plastic.

e Begin test ASAP is preferred.

¢ Sampling Holding
° Preserve at 4°C to minimize bio. decomp.
o Hold <24 hours preferred
o Never hold over 7 days

TDEC - Fleming Training Center 8

(7

Method Choice

¢ Methods B-F

o Potable, surface, saline, domestic and industrial
wastewater up to 20,000mg/L

e Method G

o Solid and Semisolid samples >2%
° Biosolids, per 40 CFR 503

TDEC - Fleming Training Center 9

Total Solids 2540-B

e Temperature 103-105°C

e Calculations based on sample volume

TDEC - Fleming Training Center 10

(73

Dissolved Solids 2540-C

» Temperature 180°C

¢ Non-regulatory at 103-105°C

TDEC - Fleming Training Center 1

Total Suspended Solids 2540-D

* Temperature 103-105°C
¢ Interferences

o Limit sample size to 200mg of residue, small
filter

o Avoid prolonged filtration times >5-7 min.
¢ Glass fiber filter 22-125mm diameter.

o Whatman 934AH  |.5um

o Gelman A/E 1.0um

o Millipore AP40

o E-D Scientific Grade 161

TDEC - Fleming Training Center 12
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TSS SM2540 D — 1997
Dried at 103-105°C

TDEC - Fleming Training Center 13

TSS SM2540 D — 1997
Dried at 103-105°C

o Sample Analysis:

o Choose a sample volume to yield between 2.5
- 200 mg dried residue

o Assemble filtering apparatus and filter

o Wet filter with small amount of distilled water
to seal before applying the sample

o Sample must be well mixed before applying to
filter

o Filter sample

TDEC - Fleming Training Center 15

TSS SM2540 D — 1997
Dried at 103-105°C
e Fats, Oil, and Grease

o May interfere due to difficulty in drying to a
constant weight in time range.

¢ Duplicates should weigh within 5% of
their average weight

* Weigh to a constant weight, within 4% or
0.0005g, whichever is less with at least a
second drying/cooling/weighing step.

TDEC - Fleming Training Center 17
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TDEC - Fleming Training Center

TSS SM2540 D - 1997
Dried at 103-105°C

o Filter preparation:

o Pre-wash approved glass fiber filter by rinsing
three times with 20mL of deionized (DI)
water

o Dry in weighing pans at 103 — 105° C for |
hour and cool in desiccator

o Record the initial weight of the filter & pan
after drying

o Repeat this cycle of drying, desiccating and
weighing until a constant weight has been
reached

TDEC - Fleming Training Center 0

TSS SM2540 D — 1997
Dried at 103-105°C

e Sample Analysis — continued:

° Wash filter and apparatus three times with 10
mL of DI water

o Transfer filter into support pans

o Dry in oven at 103-105 ° C for at least!| hr
and cool in desiccator

° Weigh filter until a constant weight is
obtained

TDEC - Fleming Training Center 16

Total Suspended Solids Analysis
Procedure to Omit Re-drying/Re-cooling/Re-weighing

How to acquire acceptable results for the total suspended solids comparability data:

« The maximum holding time for a total suspended solids sample prior to analysis
is 7 days if stored at temperatures of 6°C and below (not 0°C). (Y0CFR part 136,
Table I

EPA recommends that 4-7 different samples, in duplicate, be collected and
analyzed for this procedure in order to prove that the step for “reheating,
recooling, and reweighing” is unnecessary. “Different” could mean samples
collected 4-7 consecutive days or 4-7 samples run in one day. These 4-7
samples are dried overnight at 103-105°C,

The next morning, the filters are removed from the oven, allowed to cool in the
desiccator and weighed.

The samples are then returned to the drying oven for one hour, recooled and
reweighed.

The resulting data should be examined to determine if the difference between
the overnight values and the redried values are less than 4% or 0.5 mg,
whichever is less. If so, the redrying step may be omitted for a normal set of
samples.

This procedure excludes atypical samples. (i.e. high fat, oil and grease samples).
« The operator may choose not to perform this study and continue to follow the
for redrying/reco: i as stated the method (Std Methods,

.

2540 D).

The study should be re-evaluated at least once per year or whenever a change in
sample characteristics occurs and kept on file at the treatment plant.
TDEC - Fleming Training Center 18
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TSS SM2540 D — 1997
Dried at 103-105°C

o Uses
° Influent and effluent regulatory tests
o Mixed Liquor Suspended Solids MLSS
o Return Activated Sludge RAS
o Clarifier Core Suspended Solids
o Stream samples
o Some digester solids tests

TDEC - Fleming Training Center 19

TSS Calculations

¢ TSS in mg/L is equal to the amount of residue
retained on the filter in mg per liter of sample

e Formula: TSS mg/L = (A — B) x 1,000,000

sample volume mL

¢ Where: A = wt. of filter + dried residue (g)
B = initial wt. of filter (g)

1,000,000 = conversion factor
(I g= 1000 mg & IL = 1000 mL)

TDEC - Fleming Training Center 21
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TSS SM2540 D - 1997
Dried at 103-105°C

Influent 150 — 400
Primary Effluent 60 — 150
Secondary Effluent 10 - 60
Tertiary Effluent 0.0-3.0
MLSS 1,000 — 5,000
RAS 2,000 - 12,000
TDEC - Fleming Training Center 20

TSS Calculations

o Wt. of filter + residue =A = 1.0215 g
e Wt.of filter =B =1.0160 g
e Sample volume = 200

e Mg/L = (1.0215 - 1.0160)(1.000,000)
200

= (0.0055)(1,000,000)
200

= 5500
200
=27.5 mg/L

TDEC - Fleming Training Center 22

TSS Calculations

e ppm is an abbreviation of parts per million.
ppm is a value that represents the part of a whole
number in units of 1/1000000.

I ppm = Img/l = lug /ml = 1000ug/L
Parts can be any measure, pints, gallons, or a drop of
water (grape juice, antifreeze, etc.). The size of the

sample doesn’t matter. It's the RATIO of the tested
parts to the total number of parts that’s important.

Now think about a milligram. It is 1/1000th of a gram,
making it 1/1,000,000th of a kilogram. Put another
way, a liter of water weighs 1,000,000 milligrams.
One million milligrams... see where this is going?

TDEC - Fleming Training Center 23

TSS Calculations

e Let’s say you're given 4000 mg/L of suspended
solids and you want to determine the % of
solids. This is measurement is the same as
4000 ppm (parts per million).

¢ Divide the ppm by 1,000,000 then multiply by
100 to get %.

4000 = _ 4

1,000,000 1000
= 0.004 x 100

= 0.4%

e Alternatively, divide the % value by 100 and
multiply by 1,000,000 to get ppm.

TDEC - Fleming Training Center 24
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TSS — Portable and Inline

TDEC - Fleming Training Center

. X 2
TDEC - Fleming T¥aining Center 25

TSS SM2540 D - 1997
Dried at 103-105°C

¢ DOC e« Corrective Action
e LRB ¢ QC Acceptance

e LFB e Batch Size

e Dup ¢ QC Frequency
o ICAL

TDEC - Fleming Training Center 2

/ TSS SM2540 D — 1997
g Dried at 103-105°C

¢ Demonstration of Capability

(DOC)

o Run a laboratory-fortified blank
(LFB) at least four times and
compare to the limits listed in
the method

Real people language: each
operator running this test need
to analyze 4 samples of an Total
Suspended Solids Standards
Documentation (signed form)
that analyst has read and
understands all appropriate
SOPs and Methods.
Recommend backup analyst do
this once a year.

TDEC - Fleming Training Center 27

TSS SM2540 D —- 1997

Dried at 103-105°C
e Blanks

o Filter 100 mL of deionized/distilled water through
a pre-washed/pre-dried/pre-weighed filter with
each batch of 20 or fewer samples
* Run on a 5% basis, one for every 20 samples
+ 2014 Update — Should be less than 2.5 mg/L

e Laboratory Fortified Blank

o Real people language: analyze a TSS standard that
can be prepared from recipe (next slide) or
bought premade
* Run on a 5% basis, one for every 20 samples

TDEC - Fleming Training Center 2

TSS SM2540 D - 1997
Dried at 103-105°C

¢ To prepare TSS check samples from dry reference material:
Dry the reference material* in the desiccator

On an analytical balance, weigh 0.1000 gram of the dry powder,
putitina 1000 mL volumetric flask, bring it to the mark with
distilled or deionized water and shake well until well suspended.

Measure 100 mL and process as usual for environmental
samples.

A difference of 10 mg should be obtained.
Calculation: (A - B) (1000) = (10 mg) (1000) = 100 mg/L
Vol. used 100 mL

*Example of material available from Fisher

o Celite 545 Filter Aid %Powder), Fisher Chemical, 500 gram
bottle — Cat#C212-500

TDEC - Fleming Training Center 29
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TSS SM2540 D - 1997 . | g .
Dried at 103-105°C T
¢ Standard Methods 2020.B.2.a

o Check instrument balances daily

e Standard Methods 9020.B.4.b

o Service balances annually or more often as

conditions change or problems occur

* Check balances routinely, preferably daily before use,
with at least two working weights that bracket the
normal usage range (e.g. ANSI/ASTM Class | or NIST
Class S accompanied by appropriate certificate) for
accuracy, precision and linearity.

+ Record results along with date and technicians initials

* Recertify reference weights as specified in the certificate
of calibration or at least every 5 years.

TDEC - Fleming Training Center 30
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TSS SM2540 D — 1997
Dried at 103-1050C

¢ Initial Calibration
o Check balances daily (day of) with at least 2
working weights that bracket the normal usage
range and record results on bench sheet or
separate log book
¢ Duplicates
° Run on a 10% basis, one for every 10 samples
o Calculate %RPD

* Target value should be close to the first value and have a
small RPD (less than 15%)

o 2014 Update - For reporting purposes,
average sample and duplicate.

TDEC - Fleming Training Center 31

Section 7

TSS SM2540 D - 1997
Dried at 103-1050C

¢ 2014 Update - Create and maintain
control charts if you have 20-30 data
points within 90 days.
o If you do not meet the above criteria, follow
QC Acceptance Criteria below.
* Blanks < 2.5 mg/L
* LFB £ 15%
* RPD < I5%

TDEC - Fleming Training Center 32

SS SM2540 F — 1997

Settleable Solids
¢ Important process control test for rates and
volume of sedimentation
¢ Report as mL/L
o Minimum Detection Limit 0.1mL/L
o Adjust for water layers if present
¢ Basin control: Imhoff cone
o Sample volume: | L
o Solids settle 45 min
o Gently stir sides
o Solids settle another 15 minutes
o Read after a total of 60 min

TDEC - Fleming Training Center 3

SS SM2540 F — 1997
Settleable Solids

Sample Common Range, mL/L
Influent 8-20
Primary Effluent 0.1-3
Secondary Effluent 0.1 -0.5

TDEC - Fleming Training Center 3

SS SM2540 F — 1997
Settleable Solids

¢ Dup

¢ Corrective Action

e Batch Size e?

¢ QC Frequency

TDEC - Fleming Training Center 35

SS SM2540 F — 1997 Settleable
Solids

¢ Duplicates

o For example, pour up 1000
mL of effluent into Imhoff
then pour up another 1000
mL of effluent in another
Imhoff. Wait 45 min, stir,
wait |5 min, read. Figure
RPD for both samples.

o Calculate RPD, (less than
20%)

> Run on a 5% basis (see batch
size for more information).

° 2014 Update - For
reporting purposes,
average sample and
duplicate.

TDEC - Fleming Training Center 36
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SS SM2540 F — 1997 Settleable
Solids
¢ 2014 Update - QC Acceptance Criteria
below.
> RPD < 20%

o Reporting Limit = lowest graduation mark on
Imhoff cone

TDEC - Fleming Training Center 37
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Fixed and Volatile 2540-E

 An additional step of the Total, Suspended,
or Dissolved Solids test.

» Sample is ignited at 550°C for | hr.
e Fixed Solids or Ash remains

¢ Volatile Solids were burned away.

TDEC - Fleming Training Center 39
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Total Solids 2540-G

e For solid and semisolid materials
° Required or Biosolids per 40 CFR 503

e Calculations based of wet and dry weight.

TDEC - Fleming Training Center 38

Balance Operation

¢ Key to quality solids tests
¢ Care of Balance

o Vibration, heat, sunlight

o Dust, dirt, moisture
e Calibration

o QOutside contractor

° In house,“S” class weights

TDEC - Fleming Training Center 40
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L
PHYSICAL & AGGREGATE PIRSFERTIES (2000)

2540 D. Total Suspended Solids Dried at 103-105°C

1. General Discussion

a. Principle: A well-mixed sample is filtered through a
weighed standard glass-fiber filter and the residue retained on the
filter is dried to a constant weight at 103 to 105°C. The increase
in weight of the filter represents the total suspended solids. If the
suspended material clogs the filter and prolongs filtration, it may
be necessary to increase the diameter of the filter or decrease the
sample volume. To obtain an estimate of total suspended solids,
calculate the difference between total dissolved solids and total
solids.

b. Interferences: See 2540A.2 and 2540B.1b. Exclude
large floating particles or submerged agglomerates of nonho-
mogeneous materials from the sample if it is determined that
their inclusion is not representative. Because excessive resi-
due on the filter may form a water-entrapping crust, limit the
sample size to that yielding no more than 200 mg residue. For
samples high in dissolved solids thoroughly wash the filter to
ensure removal of dissolved material. Prolonged filtration
times resulting from filter clogging may produce high results
owing to increased colloidal materials captured on the
clogged filter.

¢. Quality control (QC): The QC practices considered to be an
integral part of each method are summarized in Tables 2020:1
and IIL

2. Apparatus

Apparatus listed in 2540B.2 and C.2 is required, except for
evaporating dishes, steam bath, and 180°C drying oven. In
addition:

Aluminum weighing dishes.

3. Procedure

a. Preparation of glass-fiber filter disk: If pre-prepared glass
fiber filter disks are used, eliminate this step. Insert disk with
wrinkled side up in filtration apparatus. Apply vacuum and wash
disk with three successive 20-mL portions of reagent-grade
water. Continue suction to remove all traces of water, turn
vacuum off, and discard washings. Remove filter from filtration
apparatus and transfer to an inert aluminum weighing dish. If a
Gooch crucible is used, remove crucible and filter combination.
Dry in an oven at 103 to 105°C for 1 h. If volatile solids are to
be measured, ignite at 550°C for 15 min in a muffle furnace.
Cool in desiccator to balance temperature and weigh. Repeat
-cycle of drying or igniting, cooling, desiccating, and weighing
until a constant weight is obtained or until weight change is less
than 4% of the previous weighing or 0.5 mg, whichever is less.
Store in desiccator until needed.

b. Selection of filter and sample sizes: Choose sample volume
to yield between 2.5 and 200 mg dried residue. If volume filtered
fails to meet minimum yield, increase sample volume up to 1 L.
If complete filtration takes more than 10 min, increase filter
diameter or decrease sample volume.

Solids

c. Sample analysis: Assemble filtering apparatus and filter
and begin suction. Wet filter with a small volume of reagent.
grade water to seat it. Stir sample with a magnetic stirrer at 4
speed to shear larger particles, if practical, to obtain a more
uniform (preferably homogeneous) particle size. Centrifuga]
force may separate particles by size and density, resulting in poor
precision when point of sample withdrawal is varied. While
stirring, pipet a measured volume onto the seated glass-fiber
filter. For homogeneous samples, pipet from the approximate
midpoint of container but not in vortex. Choose a point both
middepth and midway between wall and vortex. Wash filter with
three successive 10-mL volumes of reagent-grade water, allow-
ing complete drainage between washings, and continue suction
for about 3 min after filtration is complete. Samples with high
dissolved solids may require additional washings. Carefully re-
move filter from filtration apparatus and transfer to an aluminum
weighing dish as a support. Alternatively, remove the crucible
and filter combination from the crucible adapter if a Gooch
crucible is used. Dry for at least 1 h at 103 to 105°C in an oven,
cool in a desiccator to balance temperature, and weigh. Repeat
the cycle of drying, cooling, desiccating, and weighing until a
constant weight is obtained or until the weight change is less
than 4% of the previous weight or 0.5 mg, whichever is less.
Analyze at least 10% of all samples in duplicate. Duplicate
determinations should agree within 5% of their average weight.
If volatile solids are to be determined, treat the residue according
to 2540E.

4, Calculation

(A — B) X 1000

mg total suspended solids/L = ———————————
sample volume, mL

1"
where:

A = weight of filter + dried residue, mg, and
B = weight of filter, mg.

5. Precision

The standard deviation was 5.2 mg/L (coefficient of variation
33%) at 15 mg/L, 24 mg/L (10%) at 242 mg/L, and 13 mg/L
(0.76%) at 1707 mg/L in studies by two analysts of four sets of
10 determinations each.

Single-laboratory duplicate analyses of 50 samples of water
and wastewater were made with a standard deviation of differ-
ences of 2.8 mg/L.

6. Bibliography

DeceN, J. & F.E. NussBERGER. 1956. Notes on the determination of
suspended solids. Sewage Ind. Wastes 28:237.

CuaniN, G., E.H. Crow, R.B. ALEXANDER & J. Powers. 1958. Use of
glass fiber filter medium in the suspended solids determination.
Sewage Ind. Wastes 30:1062.

Nussaum, 1. 1958. New method for determination of suspended solids-
Sewage Ind. Wastes 30:1066.
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TSS Exercise

Total Solids
SM D-2011
1. A sample thatis is filtered through a weighed standard glass-fiber filter.
2. The residue retained on the filter is to a constant weightat ___to __ °C.
3. Exclude large floating or submerged agglomerates of nonhomogeneous

from the sample if their inclusion is not

4. Because on the filter may form a water- crust, limit the
to that yielding no more than ___ residue.
5. For samples in thoroughly ____ the filter to ensure removal of dissolved
material.
6. Preparation of filter disk:
7. If glass fiber filter disks are used, eliminate this step.
8. Insert disk with up in filtration apparatus.
9. Apply vacuum and wash disk with portions of water.
10. Continue suction to remove of water, turn vacuum off, and
washings.
11.Remove filter from apparatus and transfer to an weighing dish.
12.Dry in an oven at 103 to 105°C for ___.
13.1f solids are to be measure, igniteat ___ for 15 minin a
14.Cool in to balance temperature and
15._ cycleof ____ origniting, , , and until a
weight is obtained or until weight change is of the previous weighing or
, Whicheveris .
16. Store in until needed.

17.Selection of filter and

18.Choose sample to yield between 2.5 and 200 ___ dried residue.
19.1f volume filtered fails to meet yield, sample volume upto __.
20.1f takes more than . increase filter diameter or

sample volume.

21.Sample

22.Assemble filtering apparatus and filter and being

23. filter with a small of water to it.
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24. Stir sample with magnetic stirrer at a speed to shear larger patrticles, , to obtain
a more uniform ( ) particle size.
25. force may separate particles by , resulting in

when point of sample withdrawal is varied.

26.While , pipet a measured volume onto the seated glass-fiber filter.

27.For homogeneous samples, pipet from approximate of container but __in

28.Choose a point both and between wall and vortex.

29.Wash filter with ____ successive volumes of reagent-grade water, allow

drainage between washings, and suction for about _____ after filtration

is

30.Samples with ____ dissolved solids may require additional

31. Carefully remove filter from filtration apparatus and to an aluminum weighing
dish as a

32.Dry for at 103 to 105°C in an oven, cool in a desiccator to balance

temperature, and weight.

33. the cycle of drying, cooling, desiccating, and weight until a constant weight is

obtained or until the weight change is less than of the previous weight or
whichever is less.

34.Analyze of all samples in

35. determinations should agree within ____ of their weight.
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TSS Sample Worksheet

TDEC - Fleming Training Center

Sample Filter + dried
Dish Filter Weight, Volume, mL Filter +dried sample, g TSS =

Sample Number g (B) © sample, g (A) (A-B)(1,000,000) C
Blank 100

Effluent 100

Raw 25

Mixed Liquor 5

Dup Raw 25

Blank 100
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Section 8

Whole Effluent Toxicity

WET Testing

TDEC - Fleming Training Center

Approaches to Evaluating
Environmental Samples

* Treat a living organism with a portion of
sample and see if it exhibits effects:

— Many samples screened quickly

— Results somewhat dependent on species used in
tests

— If toxicity found, no indication of exact cause of
toxicity

TDEC - Fleming Training Center 3

Test Organisms and Methods

* Methods for compliance
with NPDES permits in
40 CFR 136.3

— Ceriodaphnia dubia
(invertebrate
microcrustacean)

— Pimephales promelas
(vertebrate fish)

TDEC - Fleming Training Center 5

TDEC - Fleming Training Center

Approaches to Evaluating
Environmental Samples

¢ Test sample for specific chemical substances
dangerous to environment (ex: ammonia,
metals, etc.)

— Laboratory knows what to look for in sample
— Identification techniques specific to analytes

¢ May overlook a compound harmful to
environment

TDEC - Fleming Training Center 2

WET Test

* Whole Effluent Toxicity (WET) refers to the
aggregate toxic effect to aquatic organisms from
all pollutants contained in a facility's wastewater
(effluent).

* It is one way we implement the Clean Water
Act's prohibition of the discharge of toxic
pollutants in toxic amounts.

e WET tests measure wastewater's effects on

specific test organisms' ability to survive, grow

and reproduce.

TDEC - Fleming Training Center 4

WET Test Organisms

¢ Lab verifies cultures are
disease-free and
maintain certain level of
toxicant sensitivity
— Water flea: organisms no
more than 24-hrs old
and all born within 8 hrs
— Minnow: larvae < 48-hrs
old and all born within
24-hr time period

TDEC - Fleming Training Center 6
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Effluent Sampling

* Collected as composite over 24 hrs
¢ Chilled to 4°C during and after sampling

* Hold time 36 hrs from last aliquot collection
until beginning of testing

» Sample size: 4L or lgal “cubitainer”

TDEC - Fleming Training Center 7

Section 8

Biomonitoring Requirements,

Chronic
« NPDES Permit 3.4

— The permittee shall conduct a 3-Brood Ceriodaphnia
dubia Survival and Reproduction Test and a 7-day
Fathead Minnow (Pimephales promelas) Larval Survival
and Growth Test on samples on final effluent...

— The measured endpoint for toxicity will be the
inhibition concentration causing 25% reduction in
survival, reproduction and growth (IC,s) of the test

Chronic Sample Preparation

¢ Effluent alkalinity, hardness, conductivity,
residual chlorine, pH, etc. determined at lab

* Chronic tests conducted by filtering sample
through 60-pm plankton net

* Example: Undiluted sample (100%), 50%, 25%,

12.5%, and 6.25 (or less for no-effect

concentration) are tested

TDEC - Fleming Training Center 9

organisms.

TDEC - Fleming Training Center 8

Chronic —Water Flea Tests

¢ Test chamber: 30-50 mL plastic cups, each with 15
mL and | organism

e Minimum [0 replicates for each concentration for
total of 50 test organisms and |10 controls

* Reference toxicant often run concurrently (sodium
chloride) for quality control -

* Food added to each chamber

Chronic —Water Flea Tests

* Next day, surviving creatures and offspring are
counted and recorded

* Living test organisms transferred to clean test
chamber

* Food is added and organisms are incubated
* Test continues 6-8 days

* Total number surviving organisms for each test are
tallied with number of broods and total offspring for
each adult

TDEC - Fleming Training Center 1

Incubate at 25°C; 16 hrs light
8 hrs dark

TDEC - Fleming Training Center Zr3 10

Chronic — Minnow Testing

* Test chambers are 500-1000mL glass beakers
containing 250mL test solution

* Each beaker contains 10-15 embryo fish
¢ Usually 4 replicates for each concentration

* Reference toxicant (copper sulfate) often run for
quality control

¢ Food added to each chamber

Incubate at 25°C; 16 hrs light/8 hrs dark

TDEC - Fleming Training Center 12
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Chronic — Minnow Testing

* Next day, dead fish are removed
¢ Test chamber cleaned of debris with siphon

* Fresh test solution added to bring level back
to original volume

* Food is added; test chamber put in incubator

TDEC - Fleming Training Center 13

Quality Assurance

* Control organisms: survival > 80%
* Ceriodaphnia
— At least 60% of control adults must have produced three
broods by 7x1 days
— Surviving control adults must produce at least |5 offspring
» Fathead minnows

— Average dry weight of controls at 7 days must be 0.25 mg
per fish or greater

— If minimum control requirements not met, tests are invalid

and must be repeated

TDEC - Fleming Training Center 15

Biomonitoring Requirements,

Acute
« NPDES Permit 3.5

— The permittee shall conduct a 48-hour static acute toxicity
test on two test species on samples of final effluent...

— The test species to be used are Water Fleas (Ceriodaphnia
dubia) and Fathead Minnows (Pimephales promelas).

— The measured endpoint for toxicity will be the
concentration causing 50% lethality (LC50) of the test
organisms.

— The LC50 shall be determined based on a 50% lethality as
compared to controls, and as derived from linear

interpolation.

TDEC - Fleming Training Center 17
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Chronic — Minnow Testing

¢ Test continues for 7 days
* Surviving fish for each replicate tallied

¢ Growth determined by placing all surviving
fish for each replicate in tared weigh boat,
drying at 60°C for 24 hrs or 100 °C for 6 hrs

* Average growth reported to nearest 0.001 mg

TDEC - Fleming Training Center 14

Interpretation of Chronic Results

* Data processed and plotted to determine:
— NOEC- maximum concentration of effluent that
gives no statistical difference from controls
— LOEC- lowest concentration that produces a
statistically significant difference between controls
and test samples

— ICy5/50- toxicant concentration that produces 25
or 50% reduction in effect

TDEC - Fleming Training Center 16

Acute Bioassay

* Conducted with Pimephelas promelas and
Ceriodaphnia dubia

* Determine “end of pipe” conditions
* Effects in 100% effluent
e Last 48-96 hrs

* Objective: determine effluent concentration that
causes 50% lethality during short term exposure

230
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Interpretation of Acute Results

* If result of aWET test on the effluent is at or
near the permit limit , you have a violation

¢ Retest conducted

* |f toxic effect consistently found, a Toxicity
Reduction Evaluation (TRE) is conducted

TDEC - Fleming Training Center 19

Toxicity ldentification Evaluati

(TIE)

¢ Effluent samples are manipulated to remove
suspect chemicals

* Samples re-tested to see if toxicity remains

¢ If successful, provides clue to source of
toxicity

TDEC - Fleming Training Center 2

WET Testing

Section 8

Toxicity Reduction Evaluation
(TRE)

* Systematic evaluation of effluent

* Determine sources of toxicity and how to
control toxicity

* May include chemical screening, process
reviews, evaluation of plant performance, and
toxicity identification evaluation (TIE)

TDEC - Fleming Training Center 20
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Section 9
Alkalinity

// Buret containing
i base (or acid)

| rgJStlz:I[c:nt:I::u:I«:

Acid (or base)
and indicator
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Section 9

Measurement of Alkalinity

for Process Control
Intermediate Wastewater Lab Workshop

TDEC - Fleming Training Center

Introduction

Alkalinity is a general measure of the ionic
characteristics of water.

Others: pH, redox potential, hardness, and
conductivity.

- Not normally a compliance-monitoring

requirement.

TDEC - Fleming Training Center 2

Alkalinity

- Defined as the measurement of a water’s
capacity to neutralize an acid

- An acid releases H*
- The alkalinity in the water will absorb H*

- Most common ions that add alkalinity are
OH", CO, ,HCO;

TDEC - Fleming Training Center 3

Importance in Wastewater
Treatment

Chemical and biological treatment systems

Biological nutrient removal

« Anaerobic digestion control

Ammonia removal by air stripping

TDEC - Fleming Training Center 4

Activated Sludge Alkalinity
- Essential to process control

« Insufficient alkalinity:
- Reduces organism activity
« May result in low effluent pH

- May result in extremely high chlorine demand in
disinfection process

TDEC - Fleming Training Center 5

234

Alkalinity Determination

Titration against a standard acid:
- Color change of standard indicator
- pH meter

Results expressed as total alkalinity, mg/L
as calcium carbonate

Buret Titration Method, SM 2320 B

TDEC - Fleming Training Center 6




TDEC - Fleming Training Center

Alkalinity Determination

- Measured by determining the amount of acid
needed to drop the pH of a sample to a
certain endpoint
- Phenolphthalein alkalinity is measured by

titrating to a pH of 8.3

- Total alkalinity is measured by titrating to a pH of
4.5

TDEC - Fleming Training Center 7

Alkalinity

- Alkalinity caused by OH" is called
- hydroxyl alkalinity
« Alkalinity caused by CO4 is called
- carbonate alkalinity
«+ Alkalinity caused by HCO; is called
« bicarbonate alkalinity
- The combined effect of all three types is called
- total alkalinity

TDEC - Fleming Training Center 9

Sampling and Storage

- Collect samples in clean plastic or glass
bottles

- Avoid excessive agitation or prolonged
exposure to air

- Analyze as soon as possible
- May be stored for 24 hrs at 4°C
- Warm to room temperature before analysis.

TDEC - Fleming Training Center 1

Alkalinity

Section 9

pH End Points

End Point pH
Sample Composition Total Alkalinity | Phenolphthalein
Alkalinity
Alk ~ 30 mg/L pH 4.9 pH 8.3
Alk ~ 150 mg/L pH 4.6 pH 8.3
Alk ~ 500 mg/L pH 4.3 pH 8.3
Silicates or Phosphates pH 4.5 pH 8.3
present
Industrial Waste or pH 4.5 pH 8.3
Complex System
Routine or Automated pH 45 pH 8.3
PrOCeSS TDEC - Fleming Training Center 8
Apparatus

- Buret and stand

. Beaker, 250 mL

. Stir plate

. Stir bar

TDEC - Fleming Training Center 10

Interferences

- Highly colored or turbid samples may mask
the color change at the end point.
- Use a pH meter for these samples.

« Chlorine may interfere with indicators.

- Add one drop 0.1N sodium thiosulfate to
eliminate this interference.

TDEC - Fleming Training Center 12
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Alkalinity

DOC316.53.01151

USEPA1 Buret Titration Method?
(0 to 5,000 mg/L as CaCO,)
Scope and Application: For water, wastewater and seawater

1 USEPA Accenpted
2 Adapted from Standard Methods for the Examination of Water and Wastewater, 2320 B

m Test preparation

Method 8221
Buret Titration

Before starting the test:

Read the entire procedure before starting the test.

A pH meter is required for NPDES reporting and is recommended for best results.

if necessary.

Results in mg/L as CaCO3 <+ 17.12 = grains per gallon

Substitute six drops of Phenolphthalein Indicator Solution for the Phenolphthalein Indicator Powder Pillow if necessary

Substitute six drops of Bromcresol Green-Methyl Red Indicator Solution for the Bromcresol Green-Methyl Red Powder Pillow

Collect the following items:

Description

Quantity

Bromcresol Green-Methyl Red indicator powder pillow
Phenolphthalein indicator powder pillow

Sulfuric acid standard solution, 0.020 N

Buret clamp, double

Buret, Class A, 25-mL

Graduated cylinder

Erlenmeyer flask, 250-mL

Funnel, Micro

Support Stand

1

1
varies’

1

1

varies!

1 See Consumables and replacement items on page 6.

236 Alkalinity
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Section O

Buret titration (Method 8221)

See
Table 1

1. Select a sample
volume from the Sample
volume selection for
expected concentration
table that corresponds to
the expected alkalinity
concentration in mg/L as
calcium carbonate
(CaCOs3).

5. Fill a 25-mL buret to

the zero mark with 0.020 N

Sulfuric Acid standard
solution.

I

D

2. Use a graduated
cylinder or pipet to
measure the sample
volume.

2

6. While swirling the
flask, titrate the sample
until the solution color
changes from pink to
colorless (pH 8.3).

If the solution is colorless

before titrating with sulfuric

acid, the phenolphthalein
alkalinity is zero.

N...,.,

3. Transfer the sample
into a 250-mL Erlenmeyer
flask. Dilute to about
50-mL with deionized
water if necessary.

CECIE3ED
S
Sl -]
OEna

7. Calculate:

mL Titrant X multiplier
used = mg/L
phenolphthalein alkalinity
as CaCOs.

Y

=

4. Add the contents of
one Phenolphthalein
Indicator Powder Pillow.
Swirl to mix. (Omit this
step when using a

pH meter.)

Y

=

8. Add the contents of
one Bromcresol Green-
Methyl Red Indicator
Powder Pillow to the
titrated sample. Swirl to
mix.

Do not add indicator if a
pH meter is used.

Specific sample
composition may require
titration to a specific pH
(see the

Alkalinity relationship
table).

Alkalinity
Page 2 of 6

Alkalinity
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Alkalinity

TDEC - Fleming Training Center

Buret titration (Method 8221)

CECIE3ED
S
Sl -]
OEna

9. Continue the titration 10. Calculate:

until a light pink end point
is reached.

as C

mL Titrant X multiplier
used = mg/L total alkalinity

aCO3.

Table 1 Sample volume selection for expected concentration

R
(mg/L :sn?:eaC03) Sample Volume (mL) Sulfuric Acid Multiplier
0-500 50 20353 20
400-1000 25 20353 40
1000-2500 10 20353 100
2000-5000 5 20353 200

The end points in the Alkalinity endpoints table are recommended for determining total alkalinity in

water samples of various compositions and alkalinity concentrations.

Table 2 Alkalinity endpoints

End point pH
Sample composition
Total Alkalinity Phenolphthalein Alkalinity

Alkalinity about 30 mg/L pH 4.9 pH 8.3
Alkalinity about 150 mg/L pH 4.6 pH 8.3
Alkalinity about 500 mg/L pH 4.3 pH 8.3
Silicates or phosphates present pH 4.5 pH 8.3
Industrial wastes or complex system pH 4.5 pH 8.3
Routine or Automated Analyses pH 4.5 pH 8.3

238
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Total alkalinity primarily includes hydroxide, carbonate, and bicarbonate alkalinities. The
concentration of these types in a sample may be determined when the phenolphthalein and total
alkalinities are known ( Alkalinity relationship table).

Table 3 Alkalinity relationship

Row | Result of Titration Hydroxide Alkalinity Carbonate Alkalinity Blc_:a_rbonate
Equals: Equals: Alkalinity Equals:
1 Phenolphthalein Alkalinity equal to O 0 0 Total Alkalinity
2 Phenolphthalein Alkalinity equal to Total Total Alkalinity 0 0
Alkalinity
3 0 Phenolphthalein Alkalinity | Total Alkalinity minus
Phenolphthalein Alkalinity less than times 2 two times
one-half of Total Alkalinity Phenolphthalein
Alkalinity
4 Phenolphthalein Alkalinity equal to one- 0 Total Alkalinity 0
half of Total Alkalinity
5 2 times 2 times the difference 0
Phenolphthalein Alkalinity greater than Phenolphthalein between Total and
one-half of Total Alkalinity Alkalinity minus Total | Phenolphthalein Alkalinity
Alkalinity

Use the Alkalinity relationship table with the following procedure:

1. Does the phenolphthalein alkalinity equal zero? If yes, use Row 1.

2. Does the phenolphthalein alkalinity equal total alkalinity? If yes, use Row 2.
3. Divide the total alkalinity by 2 to calculate one-half the total alkalinity.
4

Select Row 3, 4 or 5 based on comparing the result of step ¢ (one-half total alkalinity) with the
phenolphthalein alkalinity.

5. Perform the required calculations if any.
6. Check your results. The sum of the three alkalinity types will equal the total alkalinity.

Example:
A sample has 170 mg/L as CaCO3 phenolphthalein alkalinity and 250 mg/L as CaCO3 total

alkalinity. What is the concentration of hydroxide, carbonate, and bicarbonate alkalinities?
a. The phenolphthalein alkalinity does not equal zero but 170 mg/L.
b. The phenolphthalein alkalinity does not equal total alkalinity (170 mg/L vs. 250 mg/L).

o

One-half of the total alkalinity equals 125 mg/L.

o

Because the phenolphthalein alkalinity of 170 mg/L is greater than one-half the total
alkalinity of 125 mg/L, select Row 5.

The hydroxide alkalinity is equal to:
2x170 = 340
340 - 250 = 90 mg/L hydroxide alkalinity
The carbonate alkalinity is equal to:
250-170 = 80

80 x 2 = 160 mg/L carbonate alkalinity

Alkalinity Alkalinity 239
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The bicarbonate alkalinity is equal to zero mg/L.
Check:

90 mg/L hydroxide alkalinity + 160 mg/L carbonate alkalinity + 0 mg/L bicarbonate alkalinity = 250 mg/L
The answer is correct.

The sum of each type equals the total alkalinity (250 mg/L).

Interferences
Chlorine at levels above 3.5 mg/L cause a yellow-brown color upon the addition of the Bromcresol
Green-Methyl Red Indicator Powder Pillow. Residual chlorine interference with the indicator may
be removed by adding a drop of 0.1 N Sodium Thiosulfate Standard Solution* before adding the
indicator.

Highly colored or turbid samples may mask the color change at the end point. Use a pH meter for
these samples, titrating to pH 8.3 for phenolphthalein alkalinity and the appropriate pH (see the
Alkalinity endpoints table) for total alkalinity.

Sampling and storage
Collect samples in plastic or glass bottles. Fill completely and cap tightly. Avoid excessive agitation
and prolonged exposure to air. Samples should be analyzed as soon as possible after collection
but can be stored at least 24 hours by cooling to 4 °C (39 °F) or below. Warm to room temperature
before analyzing.

Accuracy check
End point confirmation

e To accurately determine the phenolphthalein alkalinity end point, mix the contents of one
Phenolphthalein Indicator Powder Pillow and the contents of one pH 8.3 Buffer Powder Pillow
with 50 mL of deionized water in a 250-mL Erlenmeyer flask. The resulting color is the end
point.

¢ To accurately determine the total alkalinity end point, mix the contents of one pH 4.5 Buffer
Powder Pillow and the contents of one Bromcresol Green-Methyl Red Indicator Powder Pillow
with 50 mL of deionized water in a 250-mL Erlenmeyer flask. Titrate to a light pink color
change.

Standard additions method (Sample Spike)
Perform the standard additions method check as follows:

1. Break the top off an Alkalinity Voluette® Ampule Standard Solution, 0.500 N.

2. Use the TenSette Pipet” to add 0.1 mL of standard to the sample titrated in step 6 or step 9.
Resume titration back to the same end point. Record the volume of titrant needed.

3. Repeat, using two more additions of 0.1 mL. Titrate to the end point after each addition.

4., The mL of titrant required should increase by 2.5 mL for each 0.1 mL increment of standard
added.

Summary of method
Alkalinity is expressed as P (phenolphthalein) alkalinity or as T (total) alkalinity. Both types are
determined by titration with a Sulfuric Acid Standard Solution to an end point evidenced by the
color change of an indicator solution or determined with a pH meter. The P alkalinity is determined
by titration to a pH of 8.3 and registers the total hydroxide and one half the carbonate present. The
T alkalinity is determined by titration to a pH of 4.5. The total alkalinity includes all carbonate,
bicarbonate and hydroxide alkalinity. Alternatively, total alkalinity end points may be determined by
using a pH meter and titrating to the specific pH required for the sample composition.

* See Consumables and replacement items on page 6.

240 Alkalinity Alkalinity
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Consumables and replacement items

Required reagents

Description Quantity/test Unit Catalog number
Bromcresol Green-Methyl Red Indicator Powder Pillows 1 pillow 100/pkg 94399
Phenolphthalein Indicator Powder Pillows 1 pillow 100/pkg 94299
Sulfuric Acid Standard Solution, 0.020 N varies 1L 20353

Required apparatus

Description Quantity/test Unit Catalog number
Buret Clamp, double 1 each 32800
Buret, Class A, 25-mL 1 each 2636540
Select one or more based on sample volume:
Cylinder, graduated, 5-mL — each 50837
Cylinder, graduated, 10-mL — each 50838
Cylinder, graduated, 25-mL — each 50840
Cylinder, graduated, 50-mL — each 50841
Flask, Erlenmeyer, 250-mL 1 each 50546
Pipet, volumetric, Class A, 5-mL, — each 1451537
Pipet, volumetric, Class A, 10-mL — each 1451537
Pipet Filler, Safety Bulb — each 1465100
Ampule Breaker — each 2196800
Funnel, Micro 1 each 2584335
Support Stand 1 each 56300

Required standards

Description Unit Catalog number
Alkalinity Standard Solution, Voluette® Ampules, 0.500 N, 10-mL 16/pkg 1427810
Buffer Powder Pillows, pH 4.5 25/pkg 89568
Buffer Powder Pillows, pH 8.3 25/pkg 89868
Water, deionized 4L 27256

Optional items

Description Unit

Catalog number

Sodium Thiosulfate Standard Solution, 0.1 N —
TenSette Pipet, 0.1-1.0 mL —
Tips for Tensette Pipet 50/pkg

32332
1970001
2185696

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
® Inthe U.S.A. - Call toll-free 800-227-4224

Outside the U.S.A. - Contact the HACH office or distributor serving you.

On the Worldwide Web — www.hach.com; E-mail - techhelp@hach.com

HACH COMPANY

WORLD HEADQUARTERS
Telephone: (970) 669-3050
FAX: (970) 669-2932

© Hach Company, 2007. All rights reserved. Printed in the Uglinity Updated February 2008, Eftfion 5


http://www.hach.com/hc/search.product.details.invoker/PackagingCode=94399
http://www.hach.com/hc/search.product.details.invoker/PackagingCode=94299
http://www.hach.com/hc/search.product.details.invoker/PackagingCode=20353
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Section 9
Influent Effluent
mL sample used = mL sample used =
Bench 1 total mL to pH 4.5 = total mL to pink =
Bench 2 total mL to pink = total mL to pH 4.5 =
Bench 3 total mL to pH 4.5 = total mL to pink =
Bench 4 total mL to pink = total mL to pH 4.5 =
Bench 5a |total mL to pH 4.5 = total mL to pink =
Bench 5b |total mL to pink = total mL to pH 4.5 =

Influent Alkalinity - Titrate to pH 4.5 or pink color

Alkalinity = (mL titrant used to reach pH of 4.5 )(10.02 N H2S04 )(/50,000)
mL sample

)((0.02 N H2S04)(50,000) =
mL sample

Alkalinity = (

Effluent Alkalinity - Titrate to pH 4.5 or pink color

Alkalinity = (total mL titrant used to reach pH of 4.5 )((0.02 N H2S04 )(/50,000)
mL sample

)((0.02 N H2S0O4)(50,000) =
mL sample

Alkalinity = (

Orion Alkalinity Method =

242 Alkalinity
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Section 10

Approved Methods Under

nnnnnnnnnnnnnnnnnnnnnnnn

the Clean Water Act (NPDES)

Fleming
Jraining
Center

Sample Collection

« Plastic or glass bottles

« Bottles must be thoroughly cleaned

« Representative sample (100 mL)

« Composite sample preserve at 4°C

« Analyze as soon as possible (same day) OR

« Preserve with H,SO, to pH<2 and cool to 4° C
» Holding time is 28 days after preservation

TDEC - Fleming Training Center

Why Test For COD??

» To measure the organic matter content of a
sample that is susceptible to oxidation by a
strong chemical oxidant.

COD vs BOD (Disadvantages)

« Does not measure the rate of biodegradability.
« Cannot be used to predict the effects of an
effluent on the DO in receiving waters OR

» Treatment of a particular wastewater by
biological processes.

Chemical Oxygen Demand vs.

Biochemical Oxygen Demand

» COD is a good estimate of the first-stage oxygen
demand for most municipal wastewaters.

« COD measures the strength of the organic waste
that is too toxic for BOD.

« COD results are quicker.
« COD results can be used to estimate BOD.

244

Summary of Method

« The method oxidizes organic substances in the
wastewater sample using:
= Potassium dichromate in 50% sulfuric acid
= Silver sulfate (catalyst)
= Mercuric sulfate (remove interferences)
= Sample heated or reflux for 2 hours

Chemical Oxygen Demand




TDEC - Fleming Training Center

Selection of Method

« Titrimetric (blue-green to reddish):
= EPA Method 410.1, 410.2 & 410.3
= SM 5220C (18th, 19th, & 20th editions)
« Colorimetric (manual or automated):
= EPA Method 410.4
= SM 5220D
= Hach Method 8000

Section 10

Laboratory Apparatus

« Titrimetric Method:
= Reflux ground-glass
apparatus
= Heat source
= Buret
« Colorimetric Method:
= Digestion tubes
= Hot block (150°C)
= Spectrometer 42onm and/or
600 nm

Calculations

« Titrimetric
= COD, mg/L = (A-B)N x 8000
S
+ A = mL of titrant for blank
+ B = mL of titrant for sample
+ N = Normality of titrant
+ S = mL of sample used

CaICU I atIOI‘IS (continued)

« Colorimetric:
= Direct reading in mg/L from instrument

= If different sample volumes used then,
= COD, mg/L = (mg O, in final vol.)(1000)
mL sample

nnnnnnnnnnnnnnnnnnnnnn

Quality Assurance/Quality Control

« Titrimetric Method EPA 410.2 « Hach Method 8o00:

& 410.3: = Pre-programmed calibration
= DI Blank curve
= Chloride check = Accuracy Check Standard

o Standardize Titrant (potassium acid phthalate)

> Fe(NH,),(S0,),°6H,0 = DI Blank

Colorimetric Methods - QA/QC

« EPA Method 410.4/SM5220D
= Initial Demonstration of Performance:
+ Linear Calibration Range (LCR)
+ Quality Control Sample (QCS)
+ Method Detection Limit (MDL)

Chemical Oxygen Demand
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« EPA Method 410.4/SM5220D
= Laboratory Performance:
« Laboratory Reagent Blank (LRB)
« Laboratory Fortified Blank (LFB)
« Instrument Performance Check (IPC)

= Analyte Recovery & Data Quality:
+ Matrix Spike, Duplicate & Reference Standard

TDEC - Fleming Training Center

Bt ToEC-F .

COD Audit Checklist

« Sample collection & preservation

 Holding time

« Approved Method

» Heat regulated devices checked for accuracy

« Apparatus e.g. ground-glass used (titrimetric)
« Glassware cleaned properly

« QC samples analyzed

« Results reported correctly

246
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Oxygen Demand, Chemical DOC316.53.01099

USEPA1 Reactor Digestion Method? Method 8000

0.7 to 40.03 mg/L COD; 3 to 150 mg/L COD;
20 to 1500 mg/L COD; 200 to 15,000 mg/L COD

Scope and Application: For water, wastewater; digestion is required

1 Ranges 3 to 150 mg/L COD and 20 to 1500 mg/L COD are USEPA approved for wastewater analyses (Standard Method 5220 D),
Federal Register, April 21, 1980, 45(78), 26811-26812.

2 Jirka, A.M.; Carter, M.J., Analytical Chemistry, 1975, 47(8), 1397
3 The ULR range is not available on the DR 2700 or the DR/2400.

m Test preparation

How to use instrument-specific information

The Instrument-specific information table displays requirements that may vary between
instruments. To use this table, select an instrument then read across to find the corresponding
information required to perform this test

Table 1 Instrument-specific information

Instrument Light shield Adapter
DR 5000 — —
DR 2800 LZV646 —
DR 2700 LZV646 —
DR/2500 — —
DR/2400 — 5945700

Before starting the test:

DR 2800 and DR 2700: Install the light shield in Cell Compartment #2 before performing this test.
DR 2700 and DR/2400: Ultra low range (0.7 to 40.0 mg/L) is not available.

Some of the chemicals and apparatus used in this procedure may be hazardous to the health and safety of the user if
inappropriately handled or accidentally misused. Please read all warnings and associated MSDS sheets.

Run one blank with each set of samples. Run all tests (the samples and the blank) with the same lot of vials. The lot number
appears on the container label. See Blanks for colorimetric determination.

Spilled reagent will affect test accuracy and is hazardous to skin and other materials. Be prepared to wash spills with
running water.

Wear appropriate eye protection and clothing for adequate user protection. If contact occurs, flush the affected area with
running water. Review and follow reagent MSDS safety instructions carefully.

If high chloride samples are being tested, refer to the Alternate reagents section.

Chemical Oxygen Demand Oxygen Demand, Chemical
Page 1 of 12
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Oxygen Demand, Chemical

Section 10

TDEC - Fleming Trnining Center

Collect the following items:

Description

Quantity

Beaker, 250-mL

Blender

COD Digestion Reagent vials

DRB200 Reactor

Light Shield or adapter (see Instrument-specific information)

Magnetic stirrer and stir bar

Opaque shipping container for storage of unused, light-sensitive reagent vials
Pipet, TenSette®, 0.1 to 1.0 mL, with tips (for 200-15,000 mg/L range)
Pipet, volumetric, 2.00 mL

Pipet Filler, safety bulb

Test Tube Rack

1

1
varies

1

1

1
varies

1

See Consumables and replacement items for reorder information.

Reactor digestion procedure

H UR

1. Homogenize 100 mL 2. For the 200- 3. Turn on the DRB200 4. Remove the caps from
of sample for 30 seconds 15,000 mg/L range or to Reactor. Preheat to two COD Digestion

in a blender. For samples  improve accuracy and 150 °C. Reagent Vials. (Be sure to
containing large amounts  reproducibility of the other See the DRB200 User use vials for the

of solids, increase the ranges, pour the Manual for selecting pre- appropriate range.)
homogenization time. homogenized sample into programmed temperature

If the sample does not a250-mL beakerand  jpjications.

contain suspended solids, ~ 9ently stir with a magnetic

omit steps 1 and 2. stir plate.

Oxygen Demand, Chemical Chemical Oxygen Demand

Page 2 of 12
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Oxygen Demand, Chemical

Section 10

Reactor digestion procedure (continued)

5. Prepared Sample:
Hold one vial at a
45-degree angle. Use a
clean volumetric pipet to
add 2.00 mL of sample to
the vial.

For the 200-15,000 mg/L

vials: Use a TenSette®
Pipet to add 0.20 mL of
sample to the vial.

6. Blank Preparation:
Hold a second vial at a
45-degree angle. Use a
clean volumetric pipet to
add 2.00 mL of deionized
water to the vial.

For the 200-15,000 mg/L
vials: Use a TenSette
Pipet to add 0.20 mL of
sample to the vial.

9. Heat the vials for two
hours.

10. Turn the reactor off.

Before removing the vials,
wait about 20 minutes for
the vials to cool to 120 °C
or less.

7. Cap the vials tightly.
Rinse them with water and
wipe with a clean paper
towel.

11. Invert each vial
several times while still
warm.

8. Hold the vials by the
cap over a sink. Invert
gently several times to
mix. The sample vials
become very hot during
mixing.

Insert the vials in the
preheated DRB200
Reactor. Close the
protective lid.

12. Place the vials into a
rack and cool to room
temperature.

Proceed to Colorimetric
determination.

Chemical Oxygen Demand

Oxygen Demand, Chemical
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Colorimetric determination

Stored Programs

431 COD ULR

430 COD LR
435 COD HR

Start

1. Select the test.

Insert an adapter or light
shield if required (see
Instrument-specific
information).

2. Clean the outside of 3.
the vials with a damp towel
followed by a dry one.

Zero

4. ZERO the instrument.
The display will show:
0 mg/L COD

Insert the blank into
the 16-mm cell holder.

or
0.0 mg/L COD

Refer to the user manual
for orientation.

oclore] « | + |
|- Jue | x |
[ 7 [e]o]-]
e ]c]el+]

Read

6. READ the results in 7. |If using High Range

mg/L COD. Plus COD Digestion
Reagent Vials, multiply the
result by 10.

5. Insert the sample vial
into the 16-mm cell holder.

For most accurate results

with samples near 1500 or
15,000 mg/L COD, repeat
the analysis with a diluted

sample.

Blanks for colorimetric determination

The blank may be used repeatedly for measurements using the same lot of vials. Store the blank
in the dark.

1. Monitor decomposition by measuring the absorbance at the appropriate wavelength. Refer to
the Range-specific test wavelengths table.

2. Zero the instrument in the absorbance mode. Use a vial containing 5 mL of deionized water
and measure the absorbance of the blank. Record the value.

3. Prepare a new blank when the absorbance has changed by about 0.01 absorbance units.

Oxygen Demand, Chemical
Page 4 of 12
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Interferences

Chloride is the primary interference when determining COD concentration. Each COD vial
contains mercuric sulfate that will eliminate chloride interference up to the level specified in
Column 1 of the Interfering substances table. Dilute samples with higher chloride concentrations.
Dilute the sample enough to reduce the chloride concentration to the level given in Column 2.

Note: For best results, use the low range and ultra-low range test for samples with high chloride

concentrations (approaching maximum concentration) and low COD concentrations.

If sample dilution will cause the COD concentration to be too low for accurate determination, add
0.50 g of mercuric sulfate (HgSO,4) to each COD vial before the sample is added.

The additional mercuric sulfate will raise the maximum chloride concentration allowable to the
level given in Column 3.

Table 2 Interfering substances

Vial range

Column 1
(Maximum chloride
concentration )

Column 2
(Suggested chloride
concentration for
diluted samples)

Column 3
(Maximum chloride
concentration with

mercuric sulfate)

Ultra Low Range 2000 1000 N/A
(0.7-40.0 mg/L)

Low Range 2000 1000 8000
(3—150 mg/L)

High Range 2000 1000 4000
(20-1500 mg/L)

High Range Plus 20,000 10,000 40,000

(200-15,000 mg/L)

1 Ultra Low Range is not available on the DR 2700 or the DR/2400.

Sample collection, preservation and storage

Collect samples in glass bottles.

*

See Optional reagents and apparatus.

Test biologically active samples as soon as possible.

Correct the test results for volume additions.

Use plastic bottles only if they are known to be free of organic contamination.

Homogenize samples containing solids to assure representative samples.

Samples treated with sulfuric acid” to a pH of less than 2 (about 2 mL per liter) and refrigerated
at 4 °C can be stored up to 28 days.

Chemical Oxygen Demand

Oxygen Demand, Chegmical
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Accuracy check

Standard solution method
Note: Refer to the instrument user manual for specific software navigation instructions.

Required for accuracy check:

¢ Potassium acid phthalate (KHP), dried overnight at 120 °C
¢ Deionized water, organic free

* Class A volumetric flasks

¢ Class A volumetric pipet

0.7 to 40.0 mg/L range

1. Prepare a 30-mg/L COD standard solution as follows:

a. Dissolve 850 mg of dried KHP in 1000-mL of organic-free deionized water to make a
1000-mg/L standard.

b. Pipet 3.00 mL of the 1000 mg/L standard into a 100-mL volumetric flask.

c. Dilute to volume with deionized water and mix well.

2. Use 2 mL of the 30 mg/L COD solution in place of the sample. Follow the Colorimetric
determination test procedure. The result should be 30 mg/L. Refer to the Standard adjust
instructions in this procedure to adjust the curve with the reading obtained from the standard.

3 to 150 mg/L range
1. Prepare a 100-mg/L COD standard solution as follows:

a. Dissolve 85 mg of dried KHP in 1000-mL of organic-free deionized water to make a
1000-mg/L standard.

b. Pipet 10 mL of the 1000 mg/L standard into a 100-mL volumetric flask.

c. Dilute to volume with deionized water and mix well.

2. Use 2 mL of the 100-mg/L solution in place of the sample. Follow the Colorimetric
determination test procedure. The result should be 100 mg/L. Refer to the Standard adjust
instructions in this procedure to adjust the curve with the reading obtained from the standard

20 to 1500 mg/L range
1. Prepare a 500-mg/L COD standard solution as follows:

a. Dissolve 425 mg of dried KHP in 1000-mL of organic-free deionized water to make a
500-mg/L standard.

b. Mix well.

2. Use 2 mL of the 500 mg/L COD solution in place of the sample. Follow the Colorimetric
determination test procedure. The result should be 500 mg/L. Refer to the Standard adjust
instructions in this procedure to adjust the curve with the reading obtained from the standard.

Note: Alternately, use 2 mL of 300 mg/L, 800 or 1000 mg/L COD standards for accuracy check.

Oxygen Demand, Chemical Chemical Oxygen Demand
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200 to 15,000 mg/L range
1. Prepare a 10,000-mg/L COD standard solution as follows:
a. Dissolve 8.500 g of dried KHP in 1000-mL of organic-free deionized water.

2. Use 0.2 mL of the 10,000 mg/L COD solution in place of the sample. Follow the Colorimetric
determination test procedure. The result should be 10,000 mg/L (after multiplying by 10).
Refer to the Standard adjust instructions in this procedure to adjust the curve with the reading
obtained from the standard.

Standard adjust

1. To adjust the calibration curve using the reading obtained with the standard solution, navigate
to Standard Adjust in the software.

Instrument Navigate to:

DR 5000 OPTIONS>MORE>STANDARD ADJUST
DR 2800 OPTIONS>MORE>STANDARD ADJUST
DR 2700 OPTIONS>MORE>STANDARD ADJUST
DR/2500 OPTIONS>STANDARD ADJUST
DR/2400 OPTIONS>STANDARD ADJUST

2. Turn on the Standard Adjust feature and accept the displayed concentration. If an alternate
concentration is used, enter the concentration and adjust the curve to that value.

Alternate reagents

Mercury-free COD2 Reagents can provide a mercury-free testing option for non-reporting
purposes. For process control applications, COD2 Reagents will eliminate mercury waste and
save on disposal costs. These reagents are fully compatible with test procedures and calibration
curves programmed into the spectrophotometer. Determine chloride and ammonia for

accurate results.

Important Note: COD2 reagents are not approved for USEPA reporting purposes. Because
COD2 reagents do not contain mercury as a masking agent, they exhibit a positive
interference from chloride. Request a copy of the COD Reagent Vial Information Brochure,
Lit. No. 1356, for more information about specific applications.

Chemical Oxygen Demand Oxygen Demand, Chegnical
Page 7 of 12



Oxygen Demand, Chemical

Section 10 TDEC - Fleming Training Center

Method performance

Precision Sensitivity
Program Instrument Standard 95% Confidence Limits Concentration change
of Distribution per 0.010 Abs change

430 DR 5000 |30 mg/L COD (Ultra Low 77-83 mg/L COD 3 mg/L COD

(Range, DR 2800 | Range); 77-83 mg/L COD 3 mg/L COD
3-150 mg/L) 80 mg/L COD (Low Range);

DR 2700 |gpg mg/L COD (High Range); 77-83 mg/L COD 3 mg/L COD

8000 mg/L COD (High Range
Plus)

DR/2500 | 30 mg/L COD (Ultra Low 77.6-82.4 mg/L COD 3 mg/L COD

DRi2400 | Range); 77.6-82.4 mg/L COD 3 mg/L COD
80 mg/L COD (Low Range);

800 mg/L COD (High Range);
10,000 mg/L COD (High
Range Plus)

431 DR 5000 |30 mg/L COD (Ultra Low 28.8-31.2 mg/L COD 0.5 mg/L COD

(Range, DR 2800 | Range); 28.8-31.2 mg/L COD 0.5 mg/L COD
0.5-40.0 mg/L) 80 mg/L COD (Low Range);

800 mg/L COD (High Range);
8000 mg/L COD (High Range
Plus)

431 DR/2500 | 30 mg/L COD (Ultra Low 29.0-31.0 mg/L COD 0.7 mg/L COD
(Range, Range);
0.7—-40.0 mg/L) 80 mg/L COD (Low Range);
800 mg/L COD (High Range);
10,000 mg/L COD (High
Range Plus)

435 DR 5000 |30 mg/L COD (Ultra Low 785-815 mg/L COD 23 mg/L COD

(Range, DR 2800 | Range); 785-815 mg/L COD 23 mg/L COD
20-1500 mg/L) 80 mg/L COD (Low Range);

DR 2700 | 00 mg/L COD (High Range): | 785815 mg/L COD 23 mg/L COD

8000 mg/L COD (High Range
Plus)

DR/2500 | 30 mg/L COD (Ultra Low 778-822 mg/L COD 20 mg/L COD

DRi2400 | Range); 778-822 mg/L COD 20 mg/L COD
80 mg/L COD (Low Range);

800 mg/L COD (High Range);
10,000 mg/L COD (High
Range Plus)

435 DR 5000 |30 mg/L COD (Ultra Low 7850-8150 mg/L COD 230 mg/L COD

(Range, DR 2800 | Range); 7850—8150 mg/L COD 230 mg/L COD
200-15,000 mg/L) 80 mg/L COD (Low Range);

DR 2700 | gpo mg/L COD (High 7850-8150 mg/L COD 230 mg/L COD

Range);8000 mg/L COD (High
Range Plus)

DR/2500 | 30 mg/L COD (Ultra Low 9780-10,220 mg/L COD 200 mg/L COD

DR/2400 | Range); 9780-10,220 mg/L COD 200 mg/L COD
80 mg/L COD (Low Range);

800 mg/L COD (High Range);
10,000 mg/L COD (High
Range Plus)

Oxygen Demand, Chemical Chemical Oxygen Demand
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Summary of method

The results in mg/L COD are defined as the milligrams of O, consumed per liter of sample under
the conditions of this procedure. The sample is heated for two hours with sulfuric acid and a strong
oxidizing agent, potassium dichromate. Oxidizable organic compounds react, reducing the
dichromate ion (Cr,O,2-) to green chromic ion (Cr3+).

When the 0.7-40.0 or the 3—150 mg/L colorimetric method is used, the amount of Cré* remaining
is determined. When the 20-1500 mg/L or 200-15,000 mg/L colorimetric method is used, the

amount of Cr3* produced is determined. The COD reagent also contains silver and mercury ions.
Silver is a catalyst, and mercury is used to complex chloride interferences.

Test results are measured at the wavelengths specified in the Range-specific test
wavelengths table.

Table 3 Range-specific test wavelengths

Range in mg/L COD Wavelength
0.7 to 40.0 mg/L* 350 nm
3 to 150 mg/L 420 nm
20 to 1500 620 nm
2000 to 15,000 mg/L 620 nm

1 Not available on the DR/2400 or the DR 2700

Chemical Oxygen Demand Oxygen Demand, Chegmical
Page 9 of 12
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Consumables and replacement items

Required reagents

Description Quantity/Test Unit Catalog number
Select the appropriate COD Digestion Reagent Vial:
Ultra Low Range, 0.7 to 40 mg/L COD 1-2 vials 25/pkg 2415825
Low Range, 3 to 150 mg/L COD 1-2 vials 25/pkg 2125825
High Range, 20 to 1500 mg/L COD 1-2 vials 25/pkg 2125925
High Range Plus, 200 to 15,000 mg/L COD 1-2 vials 25/pkg 2415925
Water, deionized varies 4L 27256
Alternate reagents'
Description Quantity/Test Unit Catalog number
Select the appropriate COD Digestion Reagent Vial:
COD2, Low Range, 0 to 150 mg/L COD 1-2 vials 25/pkg 2565025
COD2, High Range, 0 to 1500 mg/L COD 1-2 vials 25/pkg 2565125
COD2, High Range, 0 to 1500 mg/L COD 1-2 vials 150/pkg 2565115
COD2, High Range Plus, 0 to 15,000 mg/L COD 1-2 vials 25/pkg 2834325
COD Digestion Reagent Vials, 3 to 150 mg/L COD — 150/pkg 2125815
COD Digestion Reagent Vials, 200 to 1500 mg/L COD — 150/pkg 2125915

1 These reagents are not approved for USEPA reporting purposes. Request a copy of the COD Reagent Vial Information Brochure,
Lit. No. 1356, for more information about specific applications.

Required apparatus

Description Quantity/Test Unit Catalog number
Blender, 2-speed, 120 VAC 1 each 2616100
Blender, 2-speed, 240 VAC 1 each 2616102
DRB200 Reactor, 110 V, 15 x 16 mm 1 each LTV082.53.40001
DRB200 Reactor, 220 V, 15 x 16 mm 1 each LTV082.52.40001
Pipet Filler, safety bulb 1 each 1465100
Pipet, Volumetric, Class A, 2.00 mL 1 each 1451536

Oxygsn Demand, Chemical
Page 10 of 12
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Recommended standards and apparatus

Description Unit Catalog number
Beaker, 250-mL each 50046H
COD Standard Solution, 300-mg/L 200 mL 1218629
COD Standard Solution, 300-mg/L 500mL 1218649
COD Standard Solution, 800-mg/L 200 mL 2672629
COD Standard Solution, 1000-mg/L 200 mL 2253929
Oxygen Demand Standard (BOD, COD, TOC), 10-mL ampules 16/pkg 2833510
Pipet, TenSette®, 0.1 to 1.0 mL each 1970001
Pipet Tips, for TenSette Pipet 1970001 50/pkg 2185696
Pipet Tips, for TenSette Pipet 1970001 1000/pkg 2185628
Potassium Acid Phthalate, ACS 500 g 31534
Stir Bar each 2095352
Stirrer, Electromagnetic, 120 VAC, with electrode stand each 4530001
Stirrer, Electromagnetic, 230 VAC, with electrode stand each 4530002
Test Tube Rack each 1864100
Disposable wipes 70/pkg 2096900

Optional reagents and apparatus

Description Unit Catalog number
Balance, analytical, 80 g capacity, 115 VAC each 2936701
COD Digestion Reagent Vials, ULR 0.7-40.0 mg/L 150/pkg 2415815
COD Digestion Reagent Vials, HR plus,200-25,000 mg/L 150/pkg 2415915
Flask, volumetric, 1000 mL Class A each 1457453
Flask, volumetric, 100-mL Class A each 1457442
Mercuric Sulfate, 28 g — 191520
Pipet, volumetric, 3-mL, Class A each 1451503
Pipet, volumetric, 10-mL, Class A each 1451538
Sulfuric Acid, 500 mL — 97949
Wastewater Influent Standard for mixed parameters NH3-N, NO3-N, PO4, COD, SOy, 500mL 2833149
TOC

Wastewater Effluent Standard, for mixed parameters NH3-N, NO3-N, PO4, COD, SOy, 500mL 2833249
TOC

Weighing Paper, 76x76 mm 500/pkg 1473800
Finger cots 2/pkg 1464702
Gloves, chemical resistant 9-9 121 1 pair 2410104
Safety goggles, vented each 2550700
EZ COD™ Recycling Service with 5-gal2 bucket each 2895405
1 Other sizes are available
2 20 and 50 gal are available.

Chemical Oxygen Demand Oxygen Demand, Chggnical

Page 11 of 12



Section 10 TDEC - Fleming Training Center

FORTECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING: HACH COMPANY

@ In the U.S.A. - Call toll-free 800-227-4224 WORLD HEADQUARTERS
Outside the U.S.A. - Contact the HACH office or distributor serving you. Telephone: (970) 669-3050
On the Worldwide Web — www.hach.com; E-mail - techhelp@hach.com FAX: (970) 669-2932

© Ha¥BCompany, 2007. All rights reserved. PrintedGheafiécel @xgen Demand Updated February 2008, Edition 5



TDEC - Fleming Training Center Section 10

COD Laboratory

Samples: Blanks (deionized water)
Screened raw influent
Oxidation ditch effluent — settle supernatant
Plant effluent
COD Standard

Sample Vial No. COD, mg/L

Blank — High Range
Standard -

Screened Influent
Oxidation Ditch Effluent
Plant Effluent

Duplicate

Blank — Low Range

Chemical Oxygen Demand 259
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Concentration

» The measure of a solution that describes the
amount of solute in the solvent

« Listed below are expressions for concentration:
= milligrams per liter (mg/L)
= grains per gallon
= percent strength
= molarity (M)
= normality (N)

TOEC - Fleming Training Center

Percent Strength

* % Strength = weight of solute
weight of solution

« Weight of Solution = Weight of solute + weight of solvent

262

Solutions
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Solutions

« Basically, an even mixture of two or more
chemicals

* A solution consist of two parts:
« Solute
 Solvent

« The solute part of the solution is dissolved in the
solvent

» The most common solvent is water

Milligrams per Liter and Grains per

Gallon

* These express weight per volume

» mg/L is the most commonly accepted
measurement in water and wastewater industry

* 1ppm (part per million) is equivalent to 1 mg/L

.‘

TDEC - Fleming Traiing Center

Molarity

e Molarity= moles of solute/ liters of solution

e Mole-1. various small, insectivo
mammals with ng silky light brown
to dark-gray fur, rudi tough muzzles, and
strong forefe 1gging and usuallyMwigg under

» burrowing

Mole — Individual atoms have extremely minute masses.
Chemists use a fundamental unit called a mole. The
mole is the amount of substance of a system which
contains as many elementary particles as there are atoms
in 0.012 kg of carbon -12 (2C).
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Normality

« Normal solutions are solutions which have a specific number of
equivalent masses of the acid or base dissolved in the solution per
liter. A 1N solution (a 1 normal solution) contains 1 equivalent
mass per liter, a 2 N solution contains 2 equivalent masses per liter,
and so on.

Normality = number of equivalent weights of solute
liter of solution

Number of equivalent weights = total weight of solute
equivalent weight

.

Equivalent weight = molecular weight
number of positive charges

TOEC - Fleming Training Center

= e x g/mete
Molarity 9=1pele xa iy

molecular weight
* Step 2 - Calculate the grams required /)
« grams required = (#moles required)(g/mole)
« grams required = (1 mole)(105.99 g/mole)
 grams required = 105.99 g
* Step 3 - Calculate molarity of the solution

* Molarity = # moles
volume of solvent
* Molarity = 1mole

1 liter of water
* Molarity = 1M
* Every 105.99 grams of Na,CO, in 1L of water gives a 1M
solution

Section 11

Molarity and Normality

* How many grams of Na,CO, would it take to make 1 L of
a1 molar and a 1 normal solution?
« Step 1 - Determine molecular weight (mass of the molecule):

« Na (2 moles of Na atoms) = 2299amux2= 45.98 amu
* C (1 mole of C atom) = 12.01 amux1= 12.01 amu
* O (3 moles of O atom) = 16.00amux3 = 48.00 amu

Molecular weight (grams/mole) = 105.99 amu
(This means 1 mole of Na,CO, = 105.99 grams)

Na* + Na* + CO,>

TDEC - Feming Traiing Center

Na = 22.99amux2 = 45.98 amu

Molarity C = 120lamux1 = 12.01 amu
ShOFtCUt O = 16.00amux3 = 48.00 amu

Molecular weight = 105.99 amu

Na,CO;z -+ Na* + Na* + COz*

» Grams required=

(Molarity needed)(molecular wt)(L sol'n)
moefliter” grams/imete et
= (AIM)(105.99)(1 L)

=105.99 g for a 1 molar solution

Na,CO, > Na* + Na* + CO |

Normality |

» How many grams of Na,CO, would it take to make
1 L of a 1 normal solution?

* Step 2 - Calculate the equivalent weight for Na,CO,

» Equivalent weight = molecular weight
# of (+) charges

 Equivalent weight = 105.99
2

» Equivalent weight = 53 grams

Solutions

Normality

« Step 2b - Calculate the number of equivalents

+ #Equivalent weights = total weight
equivalent weights
» #Equivalent weights = 105.99 g
53 g/equivalent
» #Equivalents = 2

263
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Normality

 OR Step 2c - Calculate the grams required
« g required = (#equivalents)(g/equivalents)

« g required = (2 equivalent wts)(53g/equivalents)

* g required = 106

TOEC - Fleming Training Center

) Na = 2299 amux2 = 45.98 amu
Normal |ty C = 120lamux1 = 12.01 amu

O = 16.00amux3 = 48.00 amu
Shortcut

Molecular weight = 105.99 amu

. Na,CO; ~*Na* + Na* + CO
 Grams required =

= (Normality needed)(molecular weight)(L sol’'n)
# of positive charges

= (1 N)(105.99)(1 L)
2

=53 g for a 1N solution of Na,COj,

Dilution Examples

 Operator has 12% bleach on hand and wants to make 25
gallons of 8%.

CIVI = C2V2

(0.12)(V,) =(0.08)(25 gal)
V, = (0.08)(25 gal)
0.12
V, =16.7 gals

264
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Normality
* Step 3 - Calculate Normality

* Normality = # of equivalents
volume of solvent
* Normality = 2 equivalents
1 L of water
¢ Normality = 2N

» Every 105.99 grams of Na,CO, in 1L of water
gives a 2N solution

« to make a 1N solution, cut the grams in half

“ =|

TDEC - Feming Traiing Center

Dilutions

» Weakening a stock solution
« Start with a stock solution, add an amount to the
volumetric flask, and fill to mark
« Can use the following calculation with any expression of
concentration or normality
Use this equation to make calculation:
CV, =GV,
N,V,=N,V,
1 means stock or
initial concentration
or volume

2 is the concentration
or volume you end
up with

Dilution Examples

» Operator has 100 mL of 5N sulfuric acid on hand and
wants to make 1N. How much water should be added?
N,V,=N,V,

(5N)(100 mL) = (1N)(V,)
(sN)(100 mL) = (V,)
1N

500mL =V,

500 mL is final volume, you started with 100 mLs and
added 400 mL to get a final volume of 500 mL




TDEC - Fleming Training Center Section 11

Intermediate Wastewater Laboratory Workshop
Laboratory Solutions

1. Alaboratory solution is made using 52 milligrams of sodium chloride
(NaCl) dissolved in 1-liter volumetric flask filled to the mark. What is
the mg/L concentration of the solution?

2. If 33 pounds of a chemical is added to 148 pounds of water, what is
the % strength by weight?

3. You are given 100 mL of 2.8N HCI. How many mL of water should be
added to make 0.4N HCI?

4. 250 mL of 3N NaOH is diluted to 1000 mL. What is the new normality
of the solution?

Solutions 265
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5. 500 mL of 10N NaOH is diluted to 1 liter. What is the new normality of
the solution?

6. You are given 20 mL of 30N HCI. How many mL of water should be
added to make 1.1N HCI?

7. An operator needs a 0.1N solution in order to conduct an analysis.
The operator has a 1.5N solution on hand. How much (mL) of the
1.5N solution is needed to make 1L of 0.1N solution?

8. An operator needs a 0.1N solution in order to conduct an analysis.
The operator has 2.0N solution on hand. How many milliliters of the
2.0N solution is needed to make one liter of 0.1N solution?

9. 450 mL of 5N NaOH is diluted to 1L. What is the new normality of the
solution?

266 Solutions
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10. You are given 8 mL of 15N H,SO,. How much water (in mL) should be
added to make 0.4N H,SO,?

11. An operator needs a 0.2N solution in order to conduct analysis. The
operator has 2.5N solution on hand. How many mL of the 2.5N
solution is needed to make one-half liter of 0.2N solution?

12. An operator needs to make 1-liter of a 1N and a 1M solution of sodium
bicarbonate (NaHCO3). How many grams would be needed for each?
(Hint: bicarbonate = HCO3)

Solutions 267
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13. An operator needs to make 1-liter of a 1N and a 1M solution of sodium
hydroxide (NaOH). How many grams would be needed for each?

14. An operator needs to make %z -liter of a 5N and a 5M solution of ferric
sulfate Fe,(SO,4);. How many grams would be needed for each?

Answers

1. 52 mg/L 8.
2. 18.2% 9.
3. 600 mL to add 10.
4. 0.75N 11.
5. 5N 12.
6. 525.5 mL to add

7. 66.67 mL

268

50 mL
2.25N
292 mL to add
40 mL
84.01 g for 1M
84.01 g for 1IN

Solutions

13.

14.

40 g for 1M

40 g for 1IN
999.78 g for 5M
166.7 g for 5N
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1+

Ammonium, NH,*
Cuprous, Cu”

Common Valences

2+

Barium, Ba®*
Calcium, Ca®

Section 11

3+

Aluminum, Al
Chromic, Cré*

Hydrogen, H+ Cupric, Cu® Ferric, Fe**
Hydronium, HzO* Ferrous, Fe**
Potassium, K* Lead, Pb**
Silver, Ag* Magnesium, Mg**
Sodium, Na* Mercuric, Hg?*
Nickel, Ni**
Zinc, Zn*
1- 2- 3-

Acetate, CoH30,°
Bicarbonate, HCO3
Bromide, Br
Chlorate, CIO3
Chloride, CI
Hydroxide, OH"
lodide, I

Nitrate, NO3"
Nitrite, NO,
Bisulfate, HSO,4

Carbonate, CO3>
Chromate, CrO,*
Peroxide, O,>
Sulfate, SO,
Sulfide, S*
Sulfite, SOs*

Solutions

Phosphate, PO,*

269
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] ]
3 Periodic Table of the Elements
9
S
(7]
al 1 18
1.00794 1 4.00260
o KEY
1 H Atomic Mass — [12.011 —4 | =— Selected Oxidation States H e
1
1 : .
Symbol — | 5 Relative atomic masses are based
120 =
on '“C = 12.000
Group Group
1 2 Atomic Number —s Note: Mass numbers in parentheses 13 14 15 16 17 18
6.941 9.01218 +2 . . are mass numbers of the most 10.81 +3[12.0111 -4]14.0067 3 15.9994 -2(18.998403  -1]20.179 0
LI B e Electron Configuration — 2-4 stable or common isotope. B c 2 N Z} 0 F N e
'
2 +2
4 ) 6 7 218 9 10
2-2 2-3 2-4 2-5 15|2-6 2-7 2-8
2298977 +1|24.305 2 2698154 +3[28.0855 -4(3097376  -3|32.06 -2|35.453 -1[30.948 0
N M Al | Si{ P9 S+ Cls A
+4 +5 +6 +3
> 11 d 12 g Group 13 14 I 15 16 17 18 r
+
9-8-1 9-8.0 3 4 5 6 7 8 9 10 11 12 [283 0-8-4 2-8-5 2-8-6 2-8-7 2-8-8
39.0983 +1]40.08 +2(44.9559 +3]47.88 +2(50.9415 +2|51.996 +2|54.9380 +2(55.847 58.9332 +2|58.69 +2[63.546 +1]65.39 +2[69.72 +3[72.59 -474.9216 -3(78.96 -2179.904 -1[83.80 0
K| CGa| 8¢ | Ti{ Vi Cr- F 1Co| Ni'CulZn|Ga|Ge] As’ Se? Br Kr"
+4 +4 +6 + +4 +5 +6 +5
4 a| 8¢ | Ti¢ Vi CreMn: Fe | Co| Ni'| Cu| Zn | Ga  Ge‘| As- Se- Br- Kr
19 20 23 24 29 30 31 32 33 34 35 6
2-8-8-1 2-8-8-2 2 8 9-2 2 8-10-2 2-8-11-2 2-8-13-1 2-8-13-2 2 8 14-2 2 8-15-2 2-8-16-2 2-8-18-1 2-8-18-2 2-8-18-3 2-8-18-4 2-8-18-5 2-8-18-6 2-8-18-7 2-8-18-8
85.4678 +1(87.62 +2/88.9059 +3[91.224 +4[92.9064 +3]95.94 +3| (98) +4[101.07 3/102.906 +3[106.42 +2[107.868 A 112.41 +2[114.82 +3[118.71 +2[121.75 -3[[127.60 -2(126.905 -1]131.29 0
R S Y Z N b +5 IVI +6 +6 R R h Pd +4 I S +4 S b +3 T +4 +1 +2
+7 +5 +6 +5 +4
s| Rb | Sr I o Tc'| Ru Ag | Cd | In | Sn e | 3 Xe:
38 39 40 42 43 46 47 48 49 50 92 53 94
2 8 18-8-1 2-8-18-8-2 2-8-18-9-2 2-8-18-10-2  [2-8-18-12-1  |2-8-18-13-1  [2-8-18-14-1 2 8 18-15-1 2 8 18-16-1  [2-8-18-18 2-8-18-18-1  |2-8-18-18-2  [2-8-18-18-3  [2-8-18-18-4  |2-8-18-18-5  |2-8-18-18-6  [2-8-18-18-7  [2-8-18-18-8
132.905 +1[137.33 2[138.906 +3]178.49 +4]180.948 +5[183.85 +6|186.207 +4]190.2 3[192.22 195.08 +2|196.967 120059 1[204.383 #1]207.2 +2(208.980 +3 (209) 2] 210) (222)
Cs|Ba | La|Hf [ Ta W R”O”I P“‘A“H*ZTI“P“‘B”” 1A R
s| Cs | Ba | La a e’ 0s’| Ir | Pt Au g b'| Bi'| Po[ At n
73 74 79 82 83 85
2 8 18-18-8-1 2 8 18-18-8-2 2 8 18-18-9-2 **18-32-10-2 -18-32-11-2 [-18-32-12-2 18 32-13-2 18 32-14-2 18 32-15-2 18-32-17-1 -18-32-18-1 18 32-18-2 18-32-18-3 -18-32-18-4  [-18-32-18-5 18 32-18-6  |-18-32-18-7 18 32-18-8
(223) 226.025 +2]227.028 +3](261) (262) (263) (264) (265) (268) (269) (272) (277) (285)
7 Fr Ra | Ac | Rt | Db | Sg | Bh | Hs | Mt |Uun|Uuu|Uub Uug
104 105 106 107 108 109 111 112 114
18321881 18321882 18321892
*The systematic names and symbols for elements of atomic numbers above 109
**Denotes the presence of (2-8-) will be used until the approval of trivial names by IUPAC.
for elements 72 and above
140.12 3140.908 +3[144.24 (145) +3(150.36 2|151.96 +2|157.25 3[158.925 +3[162.50 3[164.930 +3]167.26 3[168.934 +3[173.04 2|174.967 +3
_Ce : Pr Nd Pm Sm Eu” Gd _Th Dy Ho Er Tm | Yb 1 Lu
63 I
232.038 +4231.036 +4[238.029 +3]237.048 +3(244) +3|(243) (247) 3| (247) +3(251) +3](252) (257) (258) (259) (260)
+5 +4 N +4 +4 +4 IVI L
+5 +5 +5
Th | Pa’) U: Np: Pu: Am Cm Bk'| Cf | ES |Fm [ Md | No | Lr
91 92 3 94 97 98 99 100 101 102 103
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1.

2.

3.

4.

Intermediate Wastewater l.aboratory Workshop
LLaboratory Solutions

A laboratory solution is made using 52 milligrams of sodium chloride
(NaCl) dissolved in 1-liter volumetric fiask filled to the mark. What is
the mg/L concentration of the solution?

iy Bingl ]

L

If 33 pounds of a chemical is added to 148 pounds of water, what is
the % strength by weight?

% shrength whof water 4 wt. of chem.

‘_ 33 oD - _._%3; 160 0
i 334\&18“ TRy D%,‘Q b

y C
You are given 106 mL of 2. lN HCIl. How many mL of water should be

added to make O.élzN HCI?
(Concix Vo|,) = CConchVolz) 100 - 10D =100

(&)oY > (04)(V2) ML

Vv, ¢, | Vo
250 mL of 3N NaOH is diluted to 1000 mL. What is the new normality
of the solution?

(250X2) = (YD)
10

- C2: O'“’Sm
16C0 l:

Sdlutions 271
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w e V. |
5. 500 mL of 10N NaOH is diluted to 1 fiter. What is the new normality of

the solution? || - IO mL
('6230)('0) = (C:DCIO_CD)

\/ Cy
6. You are given 26 mL of 30N HCI. How many mL of water should be
added to make 1.1N HCI?

= G 545-20 45 26
(20X(30) = (VY1) mL

7. An operator needs a 0.1N solution in order to conduct an analysis.
The operator has a 1.5N solution on hand. How much (mL.) of the

1.5N solution is needed to make 1L of 0.1N solution?
C, v, C,

(v, )X(1:5)=(IczDY(0:1)
= T‘.%Q. _,lE(of_I ml.]

8. An operator needs a 0.1N solution in order to conduct an analysis.
The operator has 2.0N solution on hand. How many milliliters of the
2.0N solution is needed to make one liter of 0.1N solution?

c, | \Zi Q,

(26)(v,) = (1co)o. 1)

V.= %0 5Dl |
.0

\/\ Ql ‘ Yz_
9. 450 mL of 5N NaOH is diluted to 1L. What is the new normality of the

solution? (4505(«5) = UCIOXCJ
SO . = l - ]
272 %é%)modﬁugné ngb ﬂ)
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V, C,
10. You are given 8 mL of 15N H.S04. How much water (in mL) should be
added to make 0.4N H,SO,?

C
e
——

M0~ =|292
@X1s)=(o04)V,) '

_‘_Z.Q_.-;V - a)ML
oqd  C 3

11. An operator needs a 0.2N solution in order to conduct analysis. The
operator has 2.5N solution on hand. How many mL of the 2.9N
solution is needed to make one-half liter of 0.2N solution? <

Cz

(v)5.5)= (5505(0.2)
ViE 5‘; A40nL |

12. An operator needs to make 1-liter of a 1N and a 1M solution of sodium

bicarbonate (NaHCO;3;). How many grams would be needed for each?
(Hint: bicarbonate = HCOs)

Ua— 298977 x| = 999 A’ HO,T
H - LooTa4 x| = 1.0}

= ot x 1 =120\
O—= 159994 x3 !4800

84.01\
Molar ity Gcams needad (molari’r\( neaded)(mo ecular w’r\ﬂ'- sol'n)

= (mYgy )= [84q |
ﬂhrmahjr\{ 7 grams needed= (ﬂOfm\tJn! needeImo leclar st XL sol'n)

“h VoS

= (1 m)(at\)( \LB @

Sdutions
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13. An operator needs to make 1-liter of a 1N and a 1M solution of sodium
hydroxide (NaOH). How many grams would be needed for each?

o= 229897171 Ut OH~
O-» 1949994

H—=  Lova4
29,9971

molacity = (1mX40XIL) = 40g
nomality= (WXHOIL) E

{

14. An.operator needs to make " -liter of a 5N and a 5M solution of ferric
sulfate Fe,(S0O,);. How many grams would be needed for each?

e > 55.847Tx 2 = LLLaY o (505:
- 3.0k x 2 = ALY
O~ 155494 12 =_{91,9928

339 3lo¥

mo\GrH‘\l - (5 mX 399 -310193X5l-> ;\W

norma\'\’rxfz (SmX3qq.%wlg%XO~‘5t) - [(g(ﬂ_('o'

lo
Answers
1. 52 mg/L 8. 50mL 13. 40 g for 1M
2. 18.2% 9. 2.25N 40 g for 1N
3. 600 mL to add 10. 292 mL to add 14. 999.78 g for 5M
4. 0.75N 11. 40 mL 166.7 g for 5N
5. 5N 12. 84.01 g for 1M
6. 525.5mL to add 84.01 g for 1N
7.

66.67 mL
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