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�
Founded in 1977

�
G

olden, C
olorado

�
M

ore than 7,000 laboratories
�

M
ore than 80 countries
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�
W

aste w
ater

�
D

rinking w
ater

�
S
oils

�
A
ir &

 em
issions

�
M

icrobiology
�

Radiochem
istry

�
C
ustom

 standards
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W
h

at is D
M

R
Q

A

�
D

M
R
Q

A
 is an acronym

 w
hich stands for D

ischarge M
onitoring 

R
eport Q

uality A
ssurance

�
It is a Proficiency Testing (PT) program

 required for facilities 
containing perm

its to discharge treated w
aters back into 

w
aterw

ays.
�

It is a once per year program
 designed to com

plim
ent the 

D
M

R
s w

hich treatm
ent facilities subm

it to the states.
�

Prior to discharging your effluent, the pollutants contained on 
your N

PD
ES

 perm
it m

ust be tested to ensure that these 
pollutants are below

 the m
axim

um
 contam

inant levels (M
C
Ls) 

listed on your perm
it.

�
D

o I need to participate in this program
 and w

hy?
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W
h

at is D
M

R
Q

A

�
The EPA

 needs to ensure that the data being reported on the 
D

M
R
s is accurate.  There are tw

o m
ain w

ays of determ
ining 

this inform
ation.

�
Lab A

udits or PTs.
�

D
M

R
Q

A
 is a series of PT sam

ples w
hich contain the pollutants 

of interest listed on your perm
it.

�
W

hat analytes do I need to run?*
�

The values of the contam
inants are unknow

n to the testing 
laboratories.  The PT sam

ples m
ust be tested by the sam

e labs 
w

ho perform
 the tests for the D

M
R
s using the sam

e m
ethods 

and procedures used for the effluents.  The labs then report 
back their findings.  The test results are evaluated against a 
pre determ

ined set of acceptance criteria.
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Th
e D

M
R

Q
A

 P
ro

cess

�
R
eceive the 308A

 letter from
 EPA

.
�

R
eturn your address verification form

.
�

O
rder your sam

ples from
 an accredited provider.

�
A
nalyze the sam

ples for the pollutants on your perm
it.

�
R
eport data back to the PT provider by the close of the 

respective study.
�

R
eceive your report back from

 the PT provider.
�

C
om

pile PT reports and send to your D
M

R
Q

A
 C

oordinator ±
S
teve R

oberts
�

Perform
 corrective action if necessary.
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D
M

R
-Q

A
 3

6
 D

ates &
 D

ead
lin

es

�
O

pened Friday, M
arch 18

�
C
loses M

idnight, Friday, July 1

�
PT providers send graded reports by July 29

�
C
ontract labs forw

ard PT provider graded reports to perm
ittee 

by A
ugust 12

�
Perm

ittees send final report to D
M

R
-Q

A
 coordinator by A

ugust 

28

�
C
orrective A

ction reports due by O
ctober 21
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�
If running W

P, report results by close of W
P study.

²
W

P study results are returned w
ithin 2 business days of the close of the study. (ER

A
 is the only 

provider to have results in 2 days; due to the enorm
ous size of the D

M
R

-Q
A
 study, D

M
R

-Q
A
 results 

w
ill be available in less than 21 days)

�
If you choose to use a W

P study for D
M

R
-Q

A
, the study m

ust 

close betw
een January 1 and July 1.

O
p

en
s

C
loses

R
esu

lts
W

P 252
Jan 18

M
ar 3

M
ar 7

W
P 253

Feb 15
M

ar 31
A
pr 4

W
P 254

M
ar 7

A
pr 21

A
pr 25

W
P 255

A
pr 11

M
ay 26

M
ay 30

W
P 256

M
ay 16

Jun 30
Jul 5

D
M

R-Q
A

M
ar 18

Jul 1
Jul29

D
M

R
-Q

A
 3

6
 D

ates &
 D

ead
lin

es
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�
B
ased upon EPA

 regression equations
�

Find regression equations on the TN
I w

ebsite at w
w

w
.nelac-

institute.org
�

3 standard deviations/99%
 C

I around an expected recovery
�

C
oncentration dependent

�
Expected recovery =

  assigned value * a +
 b

�
Expected standard deviation =

  assigned value * c +
 d

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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EP
A

 R
eg

ression
 Eq

u
ation

 for B
O

D

a -
0.6237; b -

0.7022; c -
0.0928; d ±

0.6636
at 18 m

g/L lim
its =

 27.4 ±
105%

at 230 m
g/L lim

its =
 34.0 ±

91.0%

EP
A

 R
eg

ression
 Eq

u
ation

 for C
B

O
D

a -
0.5648; b -

0.6665; c -
0.0965; d ±

0.8253
at 18 m

g/L lim
its =

 17.5 ±
103%

at 230 m
g/L lim

its =
 26.7 ±

86.8%

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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Exam
p

le C
alcu

lation
 M

IN
IM

U
M

 B
O

D
 V

alu
e

M
ade at 18 m

g/L
Expected R

ecovery =
 V

alue * a +
 b

18 * 0.6237 +
 0.7022 =

 11.93
1 Expected S

tandard D
eviation (S

D
) =

 V
alue * c +

 d
18 * 0.0928 +

 0.6636 =
 2.334

3S
D

 =
 3 * 2.234 =

 7.00
Lim

its =
 Expected R

ecovery ±
3S

D
 =

 11.93 ±
7.00 =

 4.93

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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Exam
p

le C
alcu

lation
 M

A
X

IM
U

M
 B

O
D

 V
alu

e
M

ade at 230 m
g/L

Expected R
ecovery =

 V
alue * a +

 b
230 * 0.6237 +

 0.7022 =
 144.15

1 Expected S
tandard D

eviation (S
D

) =
 V

alue * c +
 d

230 * 0.0928 +
 0.6636 =

 22.01
3S

D
 =

 3 * 22.01 =
 66.03

Lim
its =

 Expected R
ecovery ±

3S
D

 =
 144.15 +

 66.03 =
 210

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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W
orkin

g
 C

on
cen

tration
 R

an
g

es

B
O

D
 =

 4.93 ±
210 m

g/L

C
B
O

D
 =

 3.15 ±
200 m

g/L

Total R
esidual C

hlorine =
 0.381 ±

3.48 m
g/L

Low
 Level Total R

esidual C
hlorine =

 5.00 ±
310 µg/L

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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W
orkin

g
 C

on
cen

tration
 R

an
g

es

pH
 =

 4.80 ±
10.2 s.u.

N
H

3-N
 =

 0.599 ±
23.7 m

g/L

TS
S
 =

 12.3 ±
110 m

g/L

D
M

R
-Q

A
 3

6
 A

ccep
tan

ce Lim
its
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Introduction to B
O

D

�
B
iochem

ical O
xygen D

em
and (B

O
D

) is the am
ount of oxygen 

that bacteria take from
 w

ater w
hen they oxidize organic 

m
atter.

�
O

rganic m
atter can be com

prised of carbohydrates (cellulose, 
starch, sugar), proteins, petroleum

 hydrocarbons, and other 
m

aterials.
�

O
rganic m

atter can enter the w
ater supply through natural 

sources or from
 pollution.

�
O

rganic m
atter can be oxidized (com

bined w
ith O

xygen) by 
burning, being digested in the bodies of anim

als and hum
ans, 

or by biochem
ical action of bacteria.

�
The significance of the oxidation of organic m

atter is that it 
produces carbon dioxide.
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The Significance of B
O

D

�
M

easurem
ent of B

O
D

 is an im
portant m

eans for determ
ining 

the degree of w
ater pollution.

�
It is the m

ost im
portant m

easurem
ent m

ade by the w
astew

ater 
treatm

ent plant.
�

The m
easurem

ent of B
O

D
 is m

ade to determ
ine the efficiency 

and effectiveness of sew
age treatm

ent.
�

For exam
ple, it is com

m
on for the raw

 influent com
ing into a 

plant to be upw
ards of 300 m

g B
O

D
/L.  If the m

easurem
ent of 

B
O

D
 leaving the plant in the effluent is m

easure at 30 m
g 

B
O

D
/L, then the plant has been successful in rem

oving 90%
 of 

the B
O

D
.

�
The M

axim
um

 C
ontam

inant Levels (M
C
Ls) of the effluent 

discharge are set to protect the w
ildlife in the w

aterw
ays.
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The Significance of B
O

D

�
If the w

ater being discharged from
 the plant into a w

aterw
ay is 

too high in B
O

D
, the bacteria living in that w

aterw
ay w

ill 
oxidize the organic m

atter, consum
ing oxygen from

 the 
w

aterw
ay faster than it dissolves back in from

 the air.
�

This w
ill create a situation w

here oxygen levels becom
e too low

 
to sustain life in the fish in the w

aterw
ays.

�
This consequence is know

n as fish kill.
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The M
easurem

ent of B
O

D

�
D

ilutions of the sam
ple are m

ade by placing various 
increm

ental portions of sam
ple into B

O
D

 bottles and filling the 
bottles w

ith dilution w
ater.

�
The dilution w

ater w
ill contain a know

n am
ount of dissolved 

oxygen.  The dilution w
ater w

ill also contain inorganic nutrients 
and a pH

 buffer.
�

The B
O

D
 bottles are com

pletely filled, m
easured for initial 

dissolved oxygen levels, freed of air bubbles, sealed and 
allow

ed to stand for five days at a controlled tem
perature and 

in the dark.
�

D
uring this period, bacteria oxidize the organic m

atter using 
the dissolved oxygen in the w

ater.
�

The consum
ption of oxygen during the five days and sam

ple 
volum

e is used to calculate B
O

D
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The R
eliability of B

O
D

�
B
O

D
 is only partially reliable for m

easuring the organic m
atter 

in the w
ater as it only m

easures the oxygen taken up by 
w

astew
ater during the incubation period.

�
There are m

any factors that affect the oxidation of the w
ater 

by the bacteria.
�

B
acteria grow

 during this period but generally very slow
ly so 

that the biological oxidation during the 5 days is never 
com

plete.  R
esearch has show

n it is m
aybe 80%

 com
plete.

�
Toxic substances in the w

ater can inhibit or even prevent 
bacterial grow

th.
�

The test can be affected by the initial dissolved oxygen levels 
in the w

ater.
�

A
ltitude and tem

perature changes also have an affect on the 
dissolved oxygen levels.  S

aturation decreases as altitude 
increases.
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The R
eliability of B

O
D

�
The low

er dissolved oxygen levels at higher altitudes lim
its the 

range for oxygen depletion during the test.
�

D
eionized w

ater can contain som
ew

hat high am
ounts of 

organic m
atter, w

hich can affect the final results.  
�

W
ater distilled w

ith an alkaline perm
anganate w

ill m
ore 

consistently product low
 organic m

atter.  R
em

em
ber that your 

blank w
ater sam

ple should show
 B

O
D

 levels less than 0.2 m
g 

B
O

D
/L.  H

ow
ever, copper is an interferent and distilling in a 

copper still w
ill cause problem

s.
�

Q
uality of the seed needed for tests w

here the sam
ples has no 

m
icroorganism

s (such as the G
G

A
 or D

M
R
Q

A
) w

ill dram
atically 

affect the biochem
ical activity.
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M
ethod 5210B

 for D
M

R
Q

A

�
Prepare your dilution w

ater.  D
ilution w

ater consists of 
phosphate buffer, m

agnesium
 sulfate, calcium

 chloride, and 
iron chloride.  B

ring the dilution w
ater to 20

±
3

oC
.  S

aturate 
the dilution w

ater w
ith D

issolved O
xygen (D

O
).  Ideally the 

dilution w
ater should not be stored for m

ore than 24 hours to 
prevent bacterial grow

th.  C
om

m
ercially available dilution 

w
ater packets are acceptable.

�
Prepare a glucose-glutam

ic acid (G
G

A
) check sam

ple to 
determ

ine the quality of your test.  This is done by doing a 2%
 

dilution of a check standard consisting of 150 m
g/L glucose 

and 150 m
g/L G

lutam
ic A

cid. 
�

D
ilute the D

M
R
Q

A
 PT sam

ple as per dilution instructions.
�

Ensure that the pH
 of the diluted sam

ple m
eets the 

requirem
ents of your m

ethod.
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M
ethod 5210B

 for D
M

R
Q

A

�
If the pH

 is too low
 use a dilute solution of sodium

 hydroxide to 
adjust the pH

.  A
 0.2N

 solution is recom
m

ended.  ER
A
 w

ill 
provide this to you free of charge if you purchase our D

em
and 

sam
ple.  Just ask!!

�
Ensure your B

O
D

 bottles are organic and chlorine free.  Place 
an appropriate am

ount of sam
ple into the B

O
D

 bottle.  Fill your 
bottle m

ostly full w
ith dilution w

ater.
�

A
dd an appropriate am

ount of seed to the sam
ple.  The D

M
R
Q

A
 

PT sam
ple M

U
S
T be seeded.  Then fill the B

O
D

 bottle to over 
full w

ith dilution w
ater.  The m

ethod indicates to seed the 
dilution w

ater.  Please do not seed the dilution w
ater.  S

eed 
each sam

ple individually.
�

C
ap the bottle.  M

ake sure there is dilution w
ater on the neck 

of the bottle.  Then put a protective m
aterial over the bottle 

top.  (A
 plastic cap or alum

inum
 foil w

ill suffice).
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M
ethod 5210B

 for D
M

R
Q

A

�
The m

ethod recom
m

ends taking at least five dilutions, so that 
you have at least tw

o dilutions w
hich m

eet the m
ethod criteria.

�
Prepare both a blank w

ater check and a seed control check.
�

Take an initial D
O

 reading of the sam
ples.  The initial D

O
 

reading should be taken w
ithin 30 m

inutes.
�

Place the sam
ples into an incubator for 5 days ±

4 hours at a 
tem

perature of 20
±

1
oC

.
�

R
em

ove the sam
ples from

 the incubator and allow
 to cool.

�
R
ead the final D

O
.

�
Perform

 your calculation.  M
ake sure you only use aliquots 

w
hich m

eet the m
ethod requirem

ents of a m
inim

um
 depletion 

of 2.0 m
g/L and a residual D

O
 of 1.0 m

g/L.
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C
alculating B

O
D

B
O

D
, m

g/L =
(D

1 ±
D

2) ±
(B

1 ±
B
2)f

P
W

here
D

1 =
 Initial D

O
 of sam

ple
D

2 =
 D

O
 of sam

ple after incubation
P =

 decim
al volum

etric fraction of sam
ple used

B
1 =

 D
O

 of seed control before incubation
B
2 =

 D
O

 of seed control after incubation
f =

 (volum
e of seed in sam

ple)/(volum
e of seed in seed control)
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B
O

D
 ±

Tips and Tricks

�
There are m

any places for things to go w
rong.  The acceptance 

lim
its reflect this.  Taking care to ensure your analysis is going 

correctly can solidify your analysis and leave you w
ithin the 

acceptance range.
�

D
ilute your sam

ple properly.  A
djust your pH

.  The diluted 
sam

ple w
ill have a pH

 of about 3.5-4.  The test generally 
requires a pH

 of 6.5-7.5.  U
se dilute N

aO
H

 solution to adjust 
(0.2 N

 is recom
m

ended).  M
ore concentrated solutions w

ill 
cause the pH

 to shoot up past the upper range.
�

pH
 out of the range w

ill distress the m
icroorganism

s and cause 
low

 results.
�

R
esidual chlorine w

ill distress or kill your m
icroorganism

s.  
Ensure all your glassw

are, w
ater, and reagents used for the 

test are free from
 chlorine.
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B
O

D
 ±

Tips and Tricks

�
Im

proper incubation tem
perature w

ill cause erroneous results.  
Your tem

perature needs to be 20 ±
1

oC
.  Low

 tem
peratures 

w
ill slow

 the m
icroorganism

s causing low
 results.  H

igh 
tem

peratures w
ill speed up m

icroorganism
s causing high 

results.
�

The sam
ples you receive from

 your provider w
ill not contain 

seed and thus need to be seeded prior to the analysis.  The 
seed m

ust be strong and consistent.  M
ost plant raw

 w
ill satisfy 

this need.  Poly seeds are com
m

ercially available.  The poly 
seed is generally not as strong and w

ill require additional 
volum

e than the raw
 seed.

�
S
eed each bottle w

ith the sam
e am

ount of seed.  D
o not seed 

your dilution w
ater, as different volum

es of dilution w
ater are 

used and w
ill vary the am

ount of seed in each sam
ple.
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B
O

D
 ±

Tips and Tricks

�
R
un a seed control sam

ple.  S
eed contains B

O
D

.  Ensure that 
your seed control values are subtracted out from

 your sam
ples 

before perform
ing final calculations.

�
The B

O
D

 bottles are filled w
ith nutrient (dilution) w

ater.  
N

utrient w
ater m

ust be fresh to assure sufficient am
m

onia 
rem

ains in the w
ater.  N

utrient w
ater m

ust be free of chlorine 
and organics.

�
C
heck the quality of the nutrient w

ater to ensure there is no 
B
O

D
.  Perform

 this check by incubating a bottle w
ith just 

N
utrient w

ater and a bottle w
ith nutrient w

ater plus seed.  Your 
nutrient w

ater should contain B
O

D
 at less than 0.2 m

g/L.
�

The dilutions perform
ed on your sam

ple are extrem
ely 

im
portant for proper testing.  D

o a series of dilutions to ensure 
that you have m

ultiple sam
ples m

eeting m
ethod requirem

ents.
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B
O

D
 ±

Tips and Tricks

�
A
s per m

ethod 5210B
, the incubation should result in a 

m
inim

um
 D

O
 depletion of 2.0 m

g/L and a m
inim

um
 residual 

D
O

 of 1.0 m
g/L.  U

se only sam
ples that m

eet this requirem
ent 

for perform
ing calculations.

�
The D

M
R
Q

A
 B

O
D

 w
ill be betw

een 18 and 230 m
g/L.  Perform

 
your dilutions to m

eet this range.  U
se your historical analyses 

to help determ
ine the proper dilutions.

�
W

hen filling the B
O

D
 bottles full, m

ake sure there is a sm
all 

am
ount of nutrient w

ater above the cap to ensure there is a 
w

ater barrier.  The cap of the bottle should be covered to 
prevent m

oisture loss. This w
ill prevent any air from

 being 
introduced into the sam

ple during incubation.  Introducing air 
into the sam

ple w
ill add D

O
 to your sam

ple.
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B
O

D
 ±

Tips and Tricks

�
The initial D

O
 readings should be betw

een 7-9 m
g/L D

O
.  If the 

readings are greater, stir the sam
ple to release D

O
.

�
Incubate your sam

ple for the exact am
ount of tim

e listed in the 
m

ethod.  5 days ±
4 hours.  Incubation outside of this tim

e 
w

ill affect the am
ount of D

O
 depletion.

�
The quality of your D

O
 probe and the condition of your 

analyses w
ill affect the quality of your m

easurem
ents.

�
The D

O
 probe m

ust be m
aintained.  C

lean the gold plate on the 
probe at least m

onthly and change the m
em

brane at least 
w

eekly.  D
irty m

em
branes and gold plates w

ill cause the probe 
to drift.  D

o a w
ater check at the beginning and end of your 

run.  This check should not show
 a D

O
 difference of m

ore than 
0.15 m

g/L.  A
 drift greater than this w

ill cause erroneous 
readings.
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D
O

 Probes

�
There are several different types of D

O
 probes available.  LD

O
, 

R
D

O
, m

em
brane.

�
The D

O
 probe m

ust be m
aintained.  For M

em
brane electrodes, 

clean the gold plate on the probe at least m
onthly and change 

the m
em

brane at least w
eekly.  D

irty m
em

branes and gold 
plates w

ill cause the probe to drift.  D
o a w

ater check at the 
beginning and end of your run.  This check should not show

 a 
D

O
 difference of m

ore than 0.15 m
g/L.  A

 drift greater than 
this w

ill cause erroneous readings.
�

A
lthough very stable, slight drifts in LD

O
 and R

D
O

 can cause 
large differences in num

bers.  C
alibrate these electrodes each 

day.
�

H
ow

 do you know
 your D

O
 probe is accurate.  C

heck w
ith a D

O
 

standard.
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�
R
un analyses as soon as possible

�
A
llow

 tim
e for things to go w

rong

�
Establish a routine quality control process w

ith the use of 

C
ertified R

eference M
aterials

A
void

 S
u

rp
rises
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�
R
eqXired for all ³N

oW A
ccepWable´ R

eVXlWV

�
D

o a R
oot C

ause to try to determ
ine w

hat w
ent w

rong

�
Fix the problem

�
R
un W

P or Q
uick Turn sam

ple

�
W

rite a C
orrective A

ction R
eport

�
S
end R

eport w
ith A

cceptable PT report to S
teve R

oberts by 

O
ctober 21

O
h

io C
orrective A

ction
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M
r. S

teve R
oberts

O
hio EPA
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