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I nformatron Updates |

' Watch for

" : 4 ¥ -
i SR

.' Text hlghllghted Irke thls |ndlcates ‘
R additional or updated information that
T' 1S NOT on your handouts

be sure to annetate your handouts' "




; SéSSion '-_Objeotivés M

| ll Dlscuss Il’nportance and Use of BOD

Qewew Method and QC requwements

3 Troubleshoot‘ QA/QC problems

Xk Identlfy Common Problems Expenenced

‘* Troubleshoot Common Problems |

f* Demonstrate Callbratlon seedlng probe ma.tntenance
5 TI’OUbleShOOt ~GGA and dllutlon waIer |ssues i $58
X DISCUSS documentatlon requwed % |

3_* Prowde neoessary tools to pass audlts




.+ Course -.Qu‘t_l-ihe,'f e

@’Over\uew ol @ty
(i QSampllng/SampIe Handhng' .
:>EqU|pmen't AL

302 Measurement Technlques s

@‘:Callbratlon i
“w@“‘l\/lethod Detalls i

bt :@DQuallty Centro}

*_@DTroubleShootlng

.'-"'@’Documentatlon |




BOD Basrcs

1 _What is |t’> % B

o Broassay technrque

e used to assess the reIatrve Qtrength of a Waste
. —the amount of oxygen requrred AL M -
.. —to stabllrze it if dlsqharged to a surface Water

/ _-Srgnrfrcance of the BOD Test e b
il I\/Iost commonly requrred test on V\fPDES and
. " _.NPDES drscharge permiis. '_ #ol

K Wrdely used in facility planning = * "
e Assess waste |oadihg on surface waters L0 %o
e Characterrzed as. the “Test everyone Ioves to hate”

- = . . .. ' L
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| _BOD Test: *Limi"tatibh's'_.f; €,

(] , -
. i . - " "

it '® Test perted fs. too Ion‘g
not good for process contrQl

" ® Test IS |mpreC|se artd unpredlctable_ >

- .®The test s’ simply not very e

. - alot.of QC makes it time- consumrng |
- can take* years of experrence to master it

__® Cahnot evaluate accuracy G
R 0 o) umversally ac'cepted standard other than GGA ;
accuracy at 200 ppm vs 53 25 ppm (frnal effluent)-

- ) L] . %




. Alternatives to BOD . . .

L1
"
\"‘ =

. Total organlc carbon (TOC)
: o Ghemlcal oxygen demand (COD)

—
-, -




None of the altern‘atrves prevrde a better
.assessment of the broavallabrlrty of a waste Irke the
BOD test. - E .' i QS et R e

N ¢

e Bottom I|ne We re stuck wrth BOD for now"lI v

WS BOD a Parn in the #@$' Test’P’P’?
‘_,"-You-betI sBULL & e, e g O
Vi Consrstent and‘relrable BOD results can be A
. & ‘produced by any lab if., S oy

v they use good Iaboratory )¢ practrces E i

', ¥ pay attentron to details,.and «
v carefully follow the approved method

L]




Nearly every BOD .
) problem can be traced s
" to oRe of these key '
. facets of BOD testrng




9 "C'omm'e-n ' Preb‘lems'af thé: BC).D fest

". # L o - . » I.. -+ d i

) .'x‘\ I\/Ieetrng depletron crrterra for drlutron water btanks- .
: ¢ Cohsrstently meetrng GGAlrmrts
¥ & Gettrng suffrcrent seed activity |
$ i\ Addrng the nght amount of seed L |
/~ ,‘\ D.O. membranes and prQbe perfdrmance
f”.'f Poor precrsron U A
'.':‘\ Nrtrrfrcatron ¥ '*_ & A
0 Sample toxmlty Deeh

| -_f Improper mterpretatron ef results et

)
T -




'- Samplrng &'Sample Handlrng

;Samplrng Consrderatrons ool Bt B LR
Sk Preferable to sample BEFORE any d|smfect|on

bJf samplrng after M drsmfectlon samples I\/IUST be seeded. .__

Sample Pre Treatment | Ve

b Composrte samples keptat 1 40C Sl iy A
‘} Recqmmended HOId Time = 6 hr (grab if refngerated) e e
! [ = " 24 hrcafter CoIIectlon (Composrte)
‘t Sample Tem’perature (20 +1 0C) ) o
L Sampte (Dilution) pH (6:5 - 7. 5) Vol

B Check residual chlorine * Vv
s P present (1) quen‘ch chlonne (2) seed samples

- % Samples Supersaturated’? (BO >9 mg/L at 20 OC)
@ W.arm shake or aerate to remave O

]

L]




Equipment

..II -HI
- I
I‘II 'II-I r

DO meter
DO probe
Incubator (temp co
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Oxygen I\/Ieasurement Technlques

"

Wlnkler t|trat|on

@ BaS|caIIy thls s a tltnmetnc Wet chemlstry test that
‘measures the amount of exygen present based on -
. .,converS|dn of oxygen to |od|ne e
> I\/Iany agenoles ‘con3|der it the “Gold Standard” |n"- :
"' DO determination. * < el 5y
ol ¢ Consumes t|me money and Iabor ity @ o

} Stablllty of reagents an |ssue' e

N

L]
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Oxygen Measurement Technlques

‘DO Probe

Electrochemlca[ Method: Composed of two metat '
electrodes in contact with supporting electrolyte and .
- separated from the test solution by agas. permeable e

“membrane.- A'constant veltage Is placed across the -
., cathode and anode Oxygen diffuses through the'

- membrane and is reduced at the cathode by the -

/ _-voltage This process. produees a current flow, wméhj'f
el S detected by the meter-and Is propertlonal to the -
'.partrat pressure of OXVC]en “ LU R _

> Saves money tune and Iabor |
} No preparatlon of reagents.or t|trat|on
} Allows for conttnuous measurement
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Calibration -

Wrrtkler trtratron best most accurate

Relres (‘)n chemrstry '- | X N
lProbe Arr saturated Water .
_'. . Reagent water at 20°C shaken/aerated to saturate:-
“ ‘e Maximum DO-at20°C + 9.00mg/L .~ < X A
e Meter result shouldn t vary greatly trom the -

Abaa saturatron pclnt € | oty @ G Tt
e Correct for pressure and/‘or aI‘tltude drfferences i

T = . . .. ' L




- Calibration °

[] " E (]
L
L T .
I
=

-_Probe Water satur‘ated a|r (most common)

% Alr- calrbratlon-chamber > callbrate at sample temperature 3

\/ I\/Ilnrmlzes errOrs caused by temperature drfferences

A -‘/Keep |nter|or of the chamber |ust m0|st = not fllled wrth water.

_'-> Typrcal for probes S
. > Probe is stored n a'constant humrdrty envrrqnment S R

¥ ¢ _> Contarner should be seale.d somehow (to marntam constant humrdlty)




- Calibration-Pressure ‘Adjustments -

. 'De'termi,n'e- true' U r:reorrec;fed ',barometri_'e -preS:SU-r*e_.- .‘__
i ,1 Obtarn barometrrc pressure drrectly from your S
2 “own barometer b g ~
o 2, CaII-IocaI arrport OF radro statron | A
. *Askif their data is “corrected” (to sed IeveI)
e dfitis. corrected, you need to Lcorrect itz
.. Otherwrse you can: \use- |t as Is. - -

| 3 Use known Q, saturatron tables to determrne
the saturatron pornt . - ML

L]
- =




Cal-rbratron Uncorrectrng Pressure Readrngs :

*

“The lacal alrpo.rt prov1des you. with a“corrected .
. barometric pressure, of 29.65 {mch.es of Hg N, UNcorrect-

. thig; measurement e O g City  Altitude (ft)

N Plover 1075
1. Determlne the altrtude(ln feet)of yOur BRI Ricc Lake 1115

o mumCIpaIIty | : I Green Bay 594

2 Determlne the co_rrectlon f.actor L '. g \Vaukesha 821
B Fennimore 1192

"\.

. CF= 760 [Altitude X 0. 026] IR viocison 860
N 760 el Stevens Pt 1093

- A TR SIS Monroe 1099
- 760 r1093 x 0. 0261 [76@ 28: 42 1 = 731 6 =0.9626 . : Tl
R A -', 60 vl ¥ T80

The true. uncorrected barometnc pressure 29 65 x O 9626 28 54:- .j

L ]

€ 3 Convert mches of mercury to mm of mercury -
* .. IncHes of. Hg . X 25 4 =_mm of Hg. .28. 54 X 25 4 = 724 9 .




Calibration - Determining Saturation Point- .

*

" Onte you have the true uncorrected barometrtc g
‘pressure (tuBP), erther directly from your barometer
or oorreoted from alocal source determine the.
Oxygen solulolllty at that pressure and temperature

l Determlne the tuBP 724 9 mm Hg

2 Dete-rmlne the temperature of the
callbratlon solutlon 205 C.

3 Use O2 saturatlon table to obtam the maxrmum
O2 solubrlrty (mg/L) at that tem perature |

‘ '




.~ . DOSaturation Table -
*‘
Oxygen Content of Alr- Saturated Freshwater at 760 mm Hq

et 4010 WOND, 62 00.3 04 05 06 07 0809
15| 10.0510.0310.01:9.98 .9.96- *9.92°9.90. 9.87. 9.85
. 16" | 9.83.9.81.9.79°9.77 '9.75 9.71 '9.69 9.67 :9.65
17 | 9.63* 9:61 9.59 957 9.55 9.54 - 9.49 9.47 :9.45

{943 9.41 9.39. 9.37 b:35” 984 9:32 930 9.28' 9.26

9:24 9.22. 9.20.'9.19 917" '9.13 d.11:- 9.10 '6.08
.97 8.95 -8.93 ' 8.92 .8.90

8.86 8.85 8.83 8.8F 880'- 78 .8.76. 8.74 8,73
8.69 '8.68..8.66. 8.65 8.63 8.60 8.58" 8.57.
.8.53 - 8,52 850 8.49 '8.47 8-45 8.44 8.42.8.41
8.388.36 - 8:35 8.33 8.32.8.80.8.29: '827'8.26,
823 821 8:20° 818 817 '8:15 814 812 8,‘.1'_1-'

Example Determlnlng Oz sa'turatlon maX|mum at 20 5°C .
I\/laX|mum solubllrty at -sea Ievel is 8.97 mg/L




- Calibration - Determining Saturation Point. -2

2T We know the tuBP |s 724 9 mm Hg | .
A We know the temperature of the callbratlon solutlon 1S 20 5 O. ®

A% We knovv the maximum 0, solublllty (mg/L) at. 20 50 C at g
e SEALEVELB 897nmﬂ. T

| 4. Determlne the Correctlon factor to adjust maX|mum 02 _
P saturatlon to-the actual preesure

Max O Sat from table X ttIBP
. LA 760 T
= 724.9 "= 6-954.' SRS e
| # CHO o v IR e Ve s e
5 Multlply the sea level saturatlon pomt by the correctton taGtor

'-897x0954 856mg/L




- 'Pre-s:SfU'Fe considerations .

: L] : - .
[ J g ] — iz o . ! W
3 ‘ I " e

f your Jab\ NER at/rn
e Denver CO (5280 ft) e T

e’ Average pressure 24 7 mches _
I\/Iaxrmum 02 saturatmn ZOOC 7 48 mg/L

f _I\/Iount Whrtney (CA) (14494r ft)
g - Average pressure = 15.08 mches

-: Maxrmum 02 saturatron 20°C 450-mg/L ‘

Mount Everest (.2902‘8 ft)
-, ‘Average pressure = 020 mches -

' I\/Iaxrmum 02 Saturatron 20°C = 0.06 mg/L'_-“




- Calibration. - putting it into perspective. . -
_‘“

St e o Lowd CNGrmaliuiHiah, e, -
Seajevelgs . R 750] 1 RT60% W, L0 gL el
1000 ft aItrtude S 724 . 734 744 mm

'PressUre drops 26. mm Hg (~ 1.0 mches) every 1000 ft

- Maximum DO saturatien drops roughly 0.3.mg/L each 10()0 ft_"

Barrmg abnormal storm systems daily- pressures ﬂuctuate L

3 roughly +10'mm (0.4 inches . =~ e

Arond 20°C, saturation point drops about 0.1 mg/L for each
| 0.5 degree rrs In temperature

LI ' -." : - : & =

8 DO calrbratron on the meter s really a 1-point c-:alrbratron

‘. Assume a.lab uses'sea: IeveI saturation tables and does NOT

adjustfor pressure. changes (or does SO mcorrectly)
_+Remember you cdlibrate on day 0 AND day 5 .

.« What'if samples go in under.a low pressure, out on a hrgh’> A

* e \What if samples go.in tinder a high pressure, dut on a low? .




Calrbratlon puttrng it into perspectrve

L

'—

l' Ry S i LOW Normal High* |
Sea IeveI 20.5 21 - 8.97'mg/l : maX|mum DO
1000 ft altltude A g8i5.4 y 8 66 8.78 mg/|_ S

oy "
L

"'h

- L]

'. 6‘ In on a Iow pressure s > 8 54 set to 8 97 (5 (')% blas) ',' '
. #Initial PO set 10: 897 Pt ¥y
¢ .Qutona gllely) pressure => 8.78 sét to 8 97 (2 1% bras)

If th&re was ho ACTUAL DO depletron..:... 1.

_ ..8.54 how read with a 2.1 % bias = 8. 73 (depleted O 24) 3

3 But if the DO depleted even a.little.. say 0.14 mg/lL. g
" 854 should be 8.40, but is read as 8.57 (depleted 0. 4) 3

'OPPOSITE is true if samples go IN under a hlgh pressure and kg
by come out under a I-ow pressure PRt 7 '

S




';Catibr:at-i‘on- I?ress_'ure- Adj u-stméhts oy

. Why saturate your dllutlon Water before callbratlon’?

1. Provides a KNOWN standard to evaluate callbratlon .__
’ If yau-KNQW the temperature ISZES0E L e
e you KNOW you, shookthe solutlon V|gorously

Then the solutlon SHOULD measure. 8.52 rng/L

If the‘meter reglsters substantlally dlffereﬂt value, 1
You know to |n|t|ate correct't/e actlon

- 3 } . . [ -
- . ; » . ; ] e
) ! L .' 5 '\-.‘.
o

2 Establlshes pomt at WhICh supersaturatlort oceurs
I sample DO, (af 20. 5°C) is-9. 5 mg/L suspect | -
h supersaturatlon C




Callbratlon Exercnse I

Radio statlon says R '. 760 (1500x0026) = 760 39
-pressure IS 298|nche9 i W 160 . 760
98 R e .—09487 S e

YourfaC|I|ty s altltude A
is 1500 ftASL P

“29.81n. X 09487
L =2827iNX 254
: —7181mm b

Yo_uT Iab s alr | V0 '_ Sa(uratmn at.- A R
temperature is'22.4 °C . 760 mm & 22. 4 OC 8 65 mg/L_

‘ ’ [}
-

BESXTIBL

A, 760:
| | _ -—865x09449
WhatshoUId | set the meter at’? e T B T

'What is the oXygen s‘aturatlon p0|nt’7




Calrbratron Exercrse I e

'You have a, baro.meter at your Iab 29.1-'in - 25.‘4_ el LN
(elpele R {o]g Y OUR altitude and 4 ey o 5
the pressure reads 29 1 mches Wil wr!

©0 & Doesn’t matter, .
Your faCIIIty S altrtude . __———you've already.done
|3 855 f{ ASL_ ol I T e, that correctron

‘Your Iab sarr v '. ' Saturatron at’ B
temperature IS’ 18 [4 OC { 760 mm & 18 7-0(; 9 30 mg/L.

'h .'*
bl
-

s 930x7391

| | A : ‘;"-' 760 *
_What is the oxygen saturatron pomt g~ 9 30 % 0. 9725

'Whatshouldlset the meter at? O - '=9.04 mg/L-




‘t Immedtatel-y after air calrbratron measure the D. O
of several BOD bottles of water. ; :

‘t“Note the concentratlon on the outsrde of the bottles

3 Penodrcalty check to see |f the probe is holdtng
: calrbratlon by measurlng the D) O of one of the two
- bottles -

e X
&
-

‘t If the Observed readrng is. drfferent than that noted on =
' the outsrde of the bottIe the. probe needs fe- callbratlon?

.‘t If using a’ zero standard rrnse probe VERY weII
" - aftér measurement or- resrdue can quench oxygen |n
' nextsample PEL TR i




) Calibrati_on - Final -_T'ho'ugh't_s :
Check your meter s‘accuracy W|th a0 standard
eAdd an oxygen scavenger (e. 9.~ 2% sodium, sulflte) 6 d|Iut|0n water ;-' Y

9 L]

t:allbrateyour barometer S T

‘\

A Most barometers néed to be. ca-Ilbrated |n|t|aIIy ¢
e Set it agalnst true uncorrected local barometno pressure

Know what reasonable barometer readrngs are -

. % NorMal is 29. 9; range "~29.6 - 30.2 |nches Hg (Y52~ 767 mm Hg)
at SEA LEVEL! If you are inMerrill, for example at 1300
ft. altitude, this range. offanges. ¢ @& Uk

i Rarely do réadings exceed 30. 4 inches Hg (773 mm_ Hg) -

k. Rarety do readlngs faII below 29.5 |nches Hg (749 mm Hg)

LY

L ]

. Does this. REALLY aft‘ect resuIts’P

% November 10, 1998; major Wlsconsm low pressure system 3,6
e ‘Pressure readlngs as Iow as 28.5 inches Hg (724 mm Bg). *
AL Amounts to a change | in maxrmum 02 solubility of 024 mg/L. - .'




*""The Edmund Eitzgérald'”

e 71958 Novenbar 101375~




g . Che'm'_istry-df:t'h_e | Wji.'_nkll'e'f. REPTK

. " g e &

- Add 1 mL of'manganoqs gullfate'élnd'l m alkéﬂli-ipdide_-azidei;lsh;ake

8 Mn*t+SO4- + 2KOH —> Mn**(OH),  +K5S0q4
Manganous (or NaOH) Manganous Hydroxide
Sulfate White ppt. | @

- Reaction:of oxygen with Mn complex results in & brown-ish

Mn*+OH); + Oy —>2 Mn*4O(OH)s +
Manganic Oxide B
Brown ppt. ‘




Chemlstry o'f the WlnkIer-z

g x' Add 1 mL af cono. sulfurlc aC|d fbrmlng manganlc sulfate

Mn+40(OH),  +2HS04 — > Mn+4(S0L)s +3 HyO (8
Manganic Sulfate

: "Reactlon of Mn(SO4)2 with potassmm lodide --> formlng |od|ne
I'odlneformed In a quantlty equwalent to the DO present

Mn+4(S04);  + 2KI > Mn*+(S0y4) + KpS04 + Iy B
Potassium Yellow
lodide Brown

y Tltrate |od|ne Wlth sodlum thlosutfate standard Solution = &
' Use'starch. |nd|cator Tltrate to first dlsappearance of que Color

ﬁ The # mLs of thlosulfate used # mg/L of DO

L ]

8406-2 + 2|_1




'W_i'rj'kler;ste”p{-. R

- oy L i B s '. '..

5 Use Wrnkler trtratron to oalrbrate D 0. probe 5 ’
1 Carefully frll 4 BOD bottles Wrth aerated water_-.

(KeyI All bottles should have same oxygen concentratlon)

InseTt stopper to avord trapprng air .

Tltrate 2 bottles usrng the procedure outllned'-
|n Standard I\/Iethods 4500 O C (19th Ed )

Retarn 2 bottles to calrbrate the DO probe ‘_ .

T = . . .. ' L




Wlnkler Step 2

Add 1 ml| of manganous sulfate e
- solution.. - *

‘ followed by Al ml of alkalme
. ‘iodide-azidé solutlon

o
. '__. - ’ ]
- -l I.-
.,‘

J - B ‘ ‘
g ‘Quickly insert” * .-
' s‘topper ta,kmg care
-; to, ext:lude alr
b2 bubbles
| R‘e_peat4p'roce-ss wit
econd BOD -bottle




Winkler Step 3 -

et

) I\/Itx WeII by mvertlng the
BOD bottle O 1() tlmes

':Allow preC|p|tate to settle suff|C|entIy to leave a clear .
- supernatant (~ 2/3 the bottle volume) above the floc

L 1 - i

- wg . L o e L




Wlnkler Step 4

_Carefully rémove. * -
| 'stopper and.add*1 -
_ ml of concenirated
T sulfurlc aC|d ;

o QUicka réinéert--

' . stopper and mix by

.. gently inverting -
. bottle 8-10 times. .

.

= Repeat acid addition
- - to second bottle. <




Wlnkler Step 5

Y | AIIow the bottle to
stand for ‘several ¢
- minutes to make sure
~all of. the preC|p|tate |
T .has dlssolved

e
b

L

| ','The bottle should have.
' have a‘clear |od|ne L
~ color before - .
o ,proeeedlng_




Winkler- Step -6 l
i | TFanls'fer 201 mI of
- |od|ne Colored |
~solution into. a 300 ml

= beaker..

‘Add a magnetic

* stir bar 1o the ¥
.~ beakerand -
“place on a StH‘ -+
: :flate




Wlnkler Step 7

.- "”‘Start the magnetlc stlr
“plate and begln tltratmg -

~with 0. 025 M Sodlum
-thlesulfat& (Nm‘e use a’

. ,burette with O. 05 m/ //zcrements) ‘

=
L
b

m ‘Use O 025 I\/I SO‘dIum thlosulfate for .

L Contmue tltratlng to a.
',_:'pale straw color:

~200-mL sample volume, usg 0.0375
.M if tltratlng ‘whole bottle (300 mL).

S



Wlnkler Step 8

"\.‘,\P.ale Straw
. Color’_

. N i

- =.Add'1-2 m) of starch
~solution and continue :
yid T “tltratlng ..... .




IkaIer Step 9

untll the coler just dlsappears

sllght biue color will 1 reappear after-a fewl.h“ &
moments 'vvhen you reach the’ end pomt A\

Repeat tttratlon W|th 2, bottJe




Dlgltal titrators & “drop”. klts
are newavallab_le

Typical accuracy is + 1.drop
for titrations requmng up.to
20 drops and + 5% for . -
titrations: requirmg over.20

“drops. Most titrations tequwe

'10 to 20 drops. °

= b

: Dlgltal T|trator accuracy is + 1% for
., tltratlons requmng over 100 coynts of -

reagent or'+ 1"one digit for tLtratlons '_ .‘
requmng fewer than 100 counts |

- : -.'

L]




DO Prabe Calrbratron Usmg the
Wlnkler T|trat|on

& 87The 2 t|trat|ons should agree Wlthrn 0. 05 mg/I of each._'-' 2

L]

other If not, perform athlrd titration.. ] o

5 : _a—rerte the average DO concentratlon on the outS|de of i

the 2 BOD bottles reta1ned fo? callbratron of‘the probe.'.

. @-—rPIace the DO probe In one of the two remarnrng BOD.'_' -

bottles and aIIow to stabllrze e j

L AdeSt the DO probe to average concentratlon

obtalneol frOm the tltratlons A e & b &

83—rRetarn ‘the other BOD pottle to recheck the probe §
| callbratton P& niia Qe G '

L]



Alternatlve Whole Bottle Wlnkler Tltratlon‘ '
(EPA Method 360.2) -

. " g ' -

E Add 2 mL of manganous sulfate and alkallne |
: |od|de a2|de solutlcm |n step 2 G
7 "_'Add'2 mI: of'-'coneentrat(éd sulfuric- .aéid'ih -step" 4.."
. .Transfer the entlre 300 ml BOD. bottle into ¢ a 500
e ® Simil beaker in step 6 and titrate W|th 0.0375 N |
,'sod4um thlosulfate i W T

. Each mL of 0. 0375 N sodlum thlosulfate equals *

,'.'1mg/L dlSSOWed oxygen When the entl.re bottle is 3
'+ titrated. PG, ot g, @ S




{2 . i « T . : .
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.'Method Details™ - *

/» Prepare d|Iutton water
| Prepare seed
_ Prellmlnary testlng
" Determine d|I~ut|Qns o
Measure out samples %

Add seed to those that need |t- - ,

I\/Ieasure |n|t|aI DO (DO)
; Incubate 5 days '
Measure Flnal DO (DOf)
¥ i Determlne BOD




+ Dilution Water Preparation”

-
b

- Nutrieht Sofutions: * =

1. Magnesrum sulfate solution: 22. 5 g- MgSO o/H O D|Iute to 1: L
2™ Calcium chloride solution: 7. 5 g CaCl,. D|Iute 7] 1] K
3. Ferric'Chloride solution: 0.25 g FeCl, oBH ,0. " Dilute to 1 L.
4 Phosphate buffer: 8.5'g KH;P0y, 21. 75 g K HPO4, 33.4 9
; - . Na,HP0,é7H,0, and: 1 Ta0 NH,CI." D|Iute t,o 1 L :
. The pH should ke 7.2. § .

.Storasin 4°C refrigerator.* -
Check before each use for contamlnatro,n (drscard any reagen‘t w/ growth)

- . : : -
L ¥ -

. @ Add 1mL each of PO‘*buffer MgSO4, CaC~IZ, and FeCI / L"' s

5 ® or the contents of one butfer prltow (* buy the rrght srzet )

.. @ Befare use brmg drlutron Water te‘mperature to 20 + 1°C b W

- © Saturate with DO:+ - el
§ 5 '« shake or aerate with organrc free frltered air.,
' e stare.in cotton *p_lugg_ed_bottTes Iong enough to become saturated



" § Di’lu‘ltioh w_ate.r‘pr_eparaﬁdh__“

. Tk Allow drstrlled water to equrlrbrate > 24 hrs at 20 c before use
- in the |ncubator |

o _ it
\""-l : S S R

-orwrt-houtsrdearr o et (g (@

'- *Drlutron Water may be prepared |mmed|ately before use

ok, .* Wrthout PO bufter oan prepare‘days/weeks a-head of tTme
L Gk Phosphate buﬁer = Ilmrtrng nutrrent in stlmulatrng grovvth
... seitmust be added the day the water is to be used X
2 To av0|d contamrnatron Whrle aIIowmg oxygenatron | |
' - use:a paper tovvel i
- cotton plug or | aat W
s sponge {0 cover the bottle operrrng

- T

- : "N’




Prellmlnary Testlng

2 Test for chlorlne reS|duaII 5 Chlo'rihe;kilils"bugs'
If any: chlorlnatlon process'is employed g e
(1) Quench the chlorlne;resldual (2) SEED the s'ample(s,)

If ANY disinfection process is em‘ployed
SEED the Sample(s) 3

L

Test for proper pH range' 'S pH extremes kill bug.s _

‘t pH extremes deflned as < pH [5 or > pH 8.5 (-elvl 20th ed)
‘t D|ILtted sample must have a.pH betvveen 6 5 and 7.5:"
‘% If undiluted sample is much outside of 6.5to 7.5.....seed!

‘t Phosphate buffer agldition often resuits In acceptable pH

v As néeded, nedtralize with 1N sulfuric aC|d or IN sodlum hydromde
- ¥: Do not dilute sample by >0. 5% (1.5 ml ina 300 mi BOD bottle)

‘} ALWAY's seed samples tHat have been pH- ad'usted




-

Check Tor super saturatlon (of OZ)' ' Result.= hlgh blas

s

R 3 Know the satura'tlon pomt at your facnlty/your condltlons
b 'Deflnltely a problem rf DO >9.0 mg/l at ZOOC Lo
X “Can occur durlng wmter months (coId water)

. In Iocalltles Where algae are actlvely growmg (Iagoons)
- e Resu1ts in high-bias (quickly Iost during mcubatlon) |
" e Reduce excess BO. (shake sample(s) or aerate Wlth fll‘eered i

L ]

compressed alr)*-




Rty Seed Preparatron |

- L
]

-Source it Yoy * -
. "« NOT recommended Effluent from a brologrcal treatment

system processrng the waste . *
nrtrrfrcatron inhibition is recommended .

_+ Domestic WW supernatant; settled at 200 C >1 h but <36 h

e Commercral seed (BOD seéd, Polyseed) "
- may need ta mrx Longer/drfferently th‘an manufacturer'recommends |

9 L]

]
e
b

. Delrverrng seed e
s Decant Vs. drawrng mdrvrdual aquuots off top

™ ey
i L
N e s

1'Seed dilution Water’? Or: seed samples drrectly %
: .Seedrng drlutron water ensures all samples seeded " :

- - Y

: Commercial. Lab'sf_‘ deal with varied sources, thus -:te'nd‘to seed, magre-




“.Determine dilutions =

et

-) Rec-ommend' at Ieast tWo* dilutions (preferably > 3)"-.__
2 the more dllutlens you use th;e easier it |s to |dent|fy

L

toxmlty problems'

\"

* '—) WWTPs famllarlty aHows Iess dllutlons

-) CommerCIaI Labs unfamlllar use more dllutlons
: -) Use dilut,ioné,v-v_hich_ will resu'lt in _adequate. ‘depletjon |

? L]

: 9',' Ne,e'd to 'U'Se di'l‘JtiOnS.JWhjCh -W:i”"n-bt-vaRd-ébl ote

- : "N’

T = . . B ' L




. BOD, Volume Estimation-Chait .

Assumlng 8. 5 mg/L DO meets method depletlon reqwrements

Example |f sample BOD expected to be about 5 to 25 mg/L

Sample | BOD (mg/L}Range Volume Will Cover

Vollume (mL) 0 5 10 20 30 50 100 200 500 1000 2500 5000 10000 500000 100000
300 >

200 ©
100 (1)
75 (2]
50
40
30
25
20
15
10

5 4>

3

2

1 « | »
05 — >
0.3 “
0.2
0.1 +—]
0.05
0.03
0.02

F 3

[
L

Fy

&

h

F Y
¥

&

F 3

¥

F Y

F 3
b J

F 3

¥

[ Y

>
—»
4« >
.‘_
.

P.repared by .The Wlsconsm Stdte Laboratory -of Hygiene and Wlsconsm

- .. Department of Natural Resources Laboratory Certification Program (9/28/99)



Determjne d_iIUt-iQ'nS'-_' |
Estimated BOD;, * ; Suggested Sample Volumes
o @ QUG QL o e T NE Y S G
A G G, 200 250 300' s
L0 T 100 150 200:-¢ 5 g
SUE 105530 v 52572150, TODLG
AL CER U '60','_" S e, 25 50

QB0 £ 1 00 O W0 B 95, 90 Sl
oGO0 B U6 Coe et sy B 10 g5 il
el 509 300 g 3 bk
1 B00 VB W TN S
@50 EIE00: 8t 1 U5 Ty Vingusari o GRSy
-+, 1500 - 2500 _-:"0-25 0.5:% 4% Bty g 8




- Making initial dilutions ...if you need to'use <3 n;Ls

L

'Re'commend make an |n|t|al 10 fold dllutlon

10 m _S sam C) eto 100 miLs: total volume ‘(with dliutlon Water)
-Q5,m _S sam oJic tO 250 mLs total volume s(with dllutlon Water)
 50'mLs sample-to - 500-mLs fotal Voluge (with dilution water)’
+.100 mLs sample to 1000’ mLS  total volume (with dilution watér)

- make all diIutio_hs'w'i_th,-larq-eiborfe volumetric pipats ;and flasks!.

. mLg of 10X dilutign .- = mLs of Orlqmal sample.
ST ML e, RS T
M @ e et C e
€ 208 e R e 2@
D SRR Ao .-_5‘.o~




. & E>Use a Iarge t|pped volumetrlc ptpettes aVOId I\/Iohr type

l:I>Can use a graduated Cyllnder for vqumes >50 mL - ‘
I:>D|Iut|ons usmg <3 mL must be dlluted |n|t|aIIy : '; e

L

F|II each BOD bottle slpwly

%, 80 stopper can be inserted W/O Ieavrng an air: bubble but nQ overfloyv

Tublng must pe latex rubber, ponproperne or. polyethytene
-.to avoid mtroducrng BOD:into the dilution water t .
_Tygon and black rubber can add oxygen demand Mok

LY

o

L

When >150 mL sample used need addltlenal nutrlents
= If-full strength canuse “1 dose/lbottle :
|f the sample size is 150 ml; ‘an addrtronal 0. 1 mI IS requrred
|f the sample size is 200 ml, an addrtronal 0.2 mI is re-qurred
o'k the sample size.is 250 ml, an ‘additional, 0.3 miis required. .




'. _?Meaeu-ring out samples - some tips -
. ‘When using Dlloets e W o GRSl Y
- % DON'T use. moré than one pipet for a grven Sample ]
"‘Ex If using 175 mLs, den't use 100, 50, 25 mL pipets .
= Use a 150 mL,-a 200 mL prpet ol gr@duated cylrnder '
-y DON'T fill- a prpet twrce to obtain-a.certain volume '
Ex If using 200 mLs, don t pipét twice with a 100 mL prpet

& Usealarger prpet orgraduated cylrnder S @

=,

-

'When usrnq qraduated cvlrnders L S
? DON'T agonrze over gettrng it exactly to the mark
L3 Pourqurckly get close¢o target volume record aCtuaI volume.'

S




Pipette types



"~ Add seed-to those that. need it > . .
_‘“ ;-
AT W REMEMBER! . If yoy sample downstream ofANY 49 Q
Lo dlsrnfectroh you MUST seed:

BOD SEED DILUTION GUIDELINES

Estlmated " Dilutions for : # mL seed/ # ML diluted seed/
seed BOD - Seed Centrol BOD bottle BOD bottle .~

SNl Sd S ED5 50 o 10 i NA -
@50 - NC 1525 50N Svd Dipe et B S

5% 6 0L YIS B P 3 e L ERIAS D
0808 5,'10“, 152 @ 3 o SN A 18

IZI Never plpet seed materlal mto a dry BOD bottle \
‘M Always have some dllut'on water in first. | e
IZI Addlng seed te DI Water can: rupture (Lyse) ceIIs”|




. Seed | COrreét'rOn - add seed -dj‘re;C’tIy 'td ' b'ottles'

: ,Seed' Correctlon Sample Calculatlon
-DO;- DO; * Depletion mLs.seed Depletlon/mL

\ . '8_5- ' 0.3 : < 8.2 EBO ;

g 16" .88 ol g el
TN Fe VLY oL B 2 T e
' Bottle Ais not used due. to the msuffl(:lent flnal DO

(034+O41)—O375 md/L DO Y
920 I L B mL seed -

If 2 ml undlluted seed added to each sample bettle |
seed correctlon =R . oL ‘

[ 0375 md/L DO x2m| seed 0.75 mg/L DO
' mLseed T . X . -




- Seed ICQ'rr'.e'CtiO'-n,t..é.d.d seed 'te'-'di;IUti_on‘iwate'r |
s Doi_-Dof - Doi - DOf mLs smpl mLs DW

-Depletlon due to seed - o |

A=24x% (250/300) 2.4X.0, 8333 2.0 BOD =.(7.42. 0) *(300/250) A

'B= b 4 X (200/3@0) 2.4 x0.6667 = 1.6+ gop = (5.8 - 1.6) ¥(300/200)= 6.30
C= 2 4 X (150/30@) 2 4 X O 5000 1 2 \BOD = (3 121 2) *(300/150) 38

: _Subtraot depllet,lon-d_ue tp, see_d,frem each s‘ample d|.Iut|orT s de_pletlon_ :

T = . . B ' L
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K Carbon'aceeus BOD (CBOD)

A nltrlflcatlo'n |nh|b~|t|on is. necessary ot
- sAdd 3 mg TCMP to each 300-mt bottle hefore. cappmg
-Add eneugh to dllutlon Water to.result in ~ 10- mgll:: O
Pure TCMP may dlssolve.slowly and cah ‘float on top of sample A

o
-

Some commercial formulations dissolve more readily but are

not 100% TCMP--adjust dosage accordingly.

S

- TEMP & g-ichloro-s-(tfichlom methyl) pyriding . .-




_ How-da I know if nitrification -iS'dC‘(:"U'rri-ng? |

. —

'If BOD is always slgmflcantly higher than T SS
n|tr|f|cat|on is'likely occurring. (e.g., TSS 10, BOD 25)

‘Conflrm by performlng side- by S|de B@D tests Wlth ..__

. and Wrtheut nltrlflcatlon |nh|b|tors -y

o mf the inhibited (Carbonaceo.us)BOD results are.
. significantly lower and-closer to the TSS results _‘
| 'nltnflcatlon is occurring.. & - \
7 fRepeat side-hy- Slde tests. to conflnfn your flndlngs {
“= .Contact your. DNR Wastewater englneer to see if
i _your d|scha-rge permlt can be Changed frqm total to :
‘carbonaceous: BOD. . & & - :

o NOTE Alvvays seed samples when nltnflcatlon




r
b‘
b

' "" ‘r Jﬁt Hrq'nt

amples that may requwe n|tr|f|cat|on |ah|b‘t|on mclude
‘- blologlcally treated effluents, . M
- samples seeded with blologrcally treated efﬂuents .
- river waters. il - -3

“**Note the use of mtrogen |nh|b|t|on in: repertmg results** '
'-,_.-'** ONLY a[lowed if specmed |n your permlt w




* Measure initial PO- "

.0 It S a’ good |dea tdwarm up meter and calrbrate frrst

_Q Don t Iet samples srt too Iong /w. d|Iut|on and -DO
C Standard Methods suggest no Ionger than 30 mrnutes.

*Q Impact. of a Iong deIay oh samples w/ raprd demand
- you will Iese that rnstantaneous measure Enad _‘ X : ‘ ,'

|f you assess user fees |nstantaneous BOD can reduce fees

'“0 I\/lust actuaIIy measure ther DO of each drlutron

(vs measunng |n|t|aI sample D@ and'repertlng for each dllutlon

\ 1 - i

- o i & R : LY




e S Uintlibates s

| ‘?’ 5 days (hence the term BOD5) anyone know WHY it's 5. days’??’?
' Be +/ 2 hrs for safety .beyond 4 hrs opens it up to questlon

. | &At20+ 1°C(Inthedark) X -L PN T g
% D‘ocument temperature each day samples are In progress

% Fill water seals with dilution water; ‘cap to reduee e.vaporatron

| ‘% Check daily; add water to seals i necessary il
pl ‘} Before removrng stoppers pour off the water In the seals
AR LN 5':1‘1N,,?"73‘QUT-f'
. Wednesday  +Monday .| - Monday -.'Satq.rday:;', i

- Thursday =~ Tuesfay " -Tuesday. = .. Surrday. °

! F“day _ .* | Wednesday ey Saturday | ThurSday
: : U A Sunday .+ Friday

-

Gl .
Due 1o thé 5 day testlng perlod certaln samples requrre that set ups A
' and run-outs of results be performed by. drfferent |nd|V|duaI§ :

1 After 5-day’s determiirie. the DO of samples and QC




P -_'D"_ete _rhdi'nfe ' BODT,”: i

BOD mg/l {(DO DOf) SCF]XDF

"-DO-—JnltlaIDO ey '; ey
o ‘“DOf-* FalDE: e Eo g « i@ ity @
T Wl WANGICT Seed correctlonfactor (if appllcable)
jie v AF (D|Iut|on Factor)— _; BottIeVqume (300 ml)

Sample Volume PR

L]

‘? Dllutlons meet depletlon crlterla’?
LY ReS|duaI PO at least 1 mg/L
® DO depletlon at Ieast 2 mglL -

‘}' Average dilutions meetmg depletloh crlterla'.
‘} Check for: sample toxieity e A '




.+ . Sample Toxicity .-

-F*‘
i Often referred to as “slldlng” BODs :._' A

¢ 3 Decllne in BOD as sample velume rncreases (Iess dﬂute)

‘? OccUrs frequent]y in, systems reqervrng mdUstrlaI Waste
o b Amounts to kllllng off (or severe shock to) “the bugs” <
B .- ‘t Results |n UNDER repertlng the B@D of awaste _ :
' .. ‘t FarlTJre to mlx sample b/w dllutlons can APPEAR as t,oxrc:ty-:-

Joi ‘t Even~pH adjustments can result In thrs-effect

) i s o ! : .
L ! By, i e LR L 5 LT L
= . L] a ¢ - ih. i . k] t

|f nrtrlfucatron |S OCCUH‘II’]Q (remember NH in drlqtron water)

.as drIutronT avarlable NH T >f|naI BOD T

: ...:rf sam_p!e_ hasclots NHS,-'CI-an‘ see-the” oppoe_rte effect.




Sample Toxmrty

| Sample Depletron BOD ' . el AL
S P rmle G (mq/L) _mag/l. ~ Report?
b a8 @2 € I8’6.4:'; i '41 672
A oh e 5.1 306 86 % By S
e 000 05T 28 QB ?-.

' s e § S0 41 ST
> DO NOT report the average of drlutrons (41 6)

-) DO NOT report the hrghest value (86 4y _

> Best answer report > plus the hrghest BQD (> 86) = :
=2 MUST qualrfy these results_as exhrbrttng ‘toxrcrty :
'-) Should repeat W/ aoldttronal drlutrons (ey., 5 10 mLs)l'-




L] xh
L
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- . * . Dilution Water Blanks "

N ¢

o l-_C})XYge-h'icl_e_bi.eiiph--l\/_iu_s_'l" be<02 mg/L. :

.
b




e SQE_d Cont

: -"}"Ne"ed,at léast 2' dilutions _

% Best to-d

0 3. dllutlons .

"? Ca}culate seed correctlon factor
: ‘?' Should deplete between 0. 6 to 1 0. mg/L

R Standarc

¥ Less em

oha‘s[-sﬁ Qn See_d C-on{rol,-_l\/lere on G,GA_

I\/Iethods changmg |ts posltlon on thls N



‘Kann Standard; Glucose/Glutamic Acid (GGA)

| // I\/IUST be glucose T glutamrc acrd-(“AIphatroI” not aIIowed)
N GGA solutron I\/LUST be 150 mg/L of each’ | '
W I\/IUST brlng up to room temperature befor'e use. .

A4 NEVER prpet out of the GGA_reagent bbttle . @
// I\/IUST use ex.actly 6 mLs of GGA. solutlon . _'

L MUST be: seeded e G _
Joii // Acceptance. crlterra I\/IUST be 198 i 30 5 (167 5- 228 5 mg/L)

- 3 & b
‘H.

M If you prepare | more than one ALL must meet crrterla )
I Consrder GGA #1 150, GGA #2 250 average 200 e

l What about two results 2'25 and 230 mg/L
// Analysrs requrred Weeklv (1 per'20 . > 20 sampleslweek)




-

R

L

Glucose - Glutamic acid
C leO MW 180 16 Lbae C H,NO, "MW 147. 13
aH e & Nltrogen IS 14/147 13 96% N €5

i I- : " i ‘I _-I ' |:| I:I
R kﬁ,ﬂ ...l'll':"I:IH i R ,
4 L I..' - s S : .

0 hg R

Thar S NITROGEN m them thar GGA Samples”l, '

I you recycle flnal into prlmary clarlfler.s you could be e

- adding nitrifying orgamsms to the seed. -The. result could g
mean hlgh bias in you_r GGA data A . s

L]




- Replicates - Specific requiréments for BOD .

T 3 * L] R | e . . .
[ . o '

~MUST. use same dilutions as used,for sample .

o

o § 8
- L]

Example Y ,‘ : ) ; .
" < f efﬂuent d|Iut|ons are 100 -200, and 300 mL
then repllcate must be 100 *200, and 300 'mL

Requrred after every 20 samples of the Same matnx :

v L . -.". p i . i
o s

- .I ] L 3 g I -
L ™ [ 4 E ]

-\/Basm rute |f you report results on DMR those samples count
/Influent and efffuent consldered separate matrrces- 2@ e

-\/ If you. analyze |ndustr|al samples those are a separate matnx _

T = . . B ' L




Repllcates measurlng preC|S|on

.

'-E\/aluatlng Re.pllcates T L _E,xample \
. Based oh absolute differgnce (Range) or Relatlve Sampler—, 22 5
_ per(;entdlfference (RED) 'betwg_en duphcates e ',Replicalte‘ =ik

-Range v ST Range = 22,548 =45
. expressed i sameé units as values Qe T £
.. = Absolute Difference.. . .. » .- A e G :

g, Larger value sma.llervalue ..‘ o . o
PLET I A | -‘ RPD -Range/Mean
"eFiI;rEséédéslcy L0 W " Range=4

0w K T s

Al MO U 100 I\I/fean.- (22° + 18)/2_ _

T |\/|e.an of the repllbates . AR 20 o

S L . i RPD —(4/20)X100
b0 W g —'20% A




2 R-eplieates- : -.Qon-c'entratiorr d'ep'éh'd'e'n_ey*

Precrsron |s concentratron dependent

9 L]

; Consrder the followrng B’OD resutts

- '-IZ> The range of replrcates is 25" ‘mg/L L
~ -IZ> Frrst thought ‘Gee.. thatsterrble| '_ e 3
‘ IZ> But what if the two vaIues Were 500 and 525’?

-'.IX> Now 25 doesn L Iook so bad

| ,IE But your oplnron changes |f the two vaIues.are 30 and 5

—
-, '

Separate control I|m|ts based on concentratron |
EX. Typrcal BOD runs 5-10 mg/L, but rain events often 20-30 mg/L

Establish interim Irmrts to deal with non-routine concentrations




. . Cantrol lerts

. Matrix sprke & RPD Contr.ol Irmrts k3

2 i Test’ the data for and elrmrnate outlrers before proceedrng
) S“alculate the mean and standard devratron of the data
ki, Warnrng Irmrts = Mean gh 2 standard devratrons 5
4 Control hmrts = Méan + 3 standard devratrons

NOTE RPD Is a P tatled test, so only I\/Iean + .

-3

—
-, '

f'-Rande Control Irmrts 06 o, 6 e
Ay Test the data for and elrmrnate outlrers before preceedrng
ﬂ 2 Calculate the mean of the data | '
| o War.nrng Irmlts = 2 51 X I\/Iean : '~ -
S Control limits = 3. 27 x Mean i




.Whrch should I use’P Ran ) or RPD’P

Sample Re plu:-ate Range

200 216 16

.As concentrafron |npreases the
'- absolute range can |ncrease

accordrngly W]th NO CHANGE
_JnRED e i G e

L
™ b

~For a grven range as concentratron ,ncreaSeS RPD deCI’eases _'

For a grven range as concentratron ‘deCreases, RPD .ncreaSeS

"~ B .
L ™ Il'l

:When mrght this be of use? -
I your systeém is susceptible to high I& [ .~

ot your system exhrbrts high variability in |nﬂuent Ioadrng
“. It might be'a good-idea‘to’ use RPD for raw; range for frnal




L1

BOD detectlon I|m|t$ are theoretlcallv based.

8 Assumptlon the LIiAST amount of depletlon allowable is 2. mg/L
8 Based on-the hlghest volume of sample used in a- dllutlon series, « . ¢
R ThIS techmque doesnt conslder seed correctlon Lo * BOD. botﬂe

oA gE =l R maX|mum
300 mL_ .+ volumet
LOD mg/L = 2mg/L X i

mL sample |

ettt \QREEOD

. highest sample v ' iferthat ~

volume used s, samplée is: -
| 300 mL .
, 200~ '
100 -

L)
-

SVasp b




_ . You.CAN befé_u'CC-e'ssf-ul at -BQ-D'; R \

| ..it's NOT just a mysticalart ="



™ g

1

r 'pimhg DOES strik




Troubleshootrng

Excessrve depletion’in Dilution Water

: - g -
Rossrb]e Causes iy
™

¥ Slrme growth In dellvery tube WAL i
= ‘} Tube |s Constructed of oxygen demand Ieachlng materral

- 1? Poor water quahty/rmproperly marntalned system

s & Poorly cleaned BOD bottles or drlutron‘vvater storage unrt :

‘t’ Contamrnated nutrrent sOIutrons |

‘? Contam_rnatron during aeratlon

.& -Poorly_'c,alrbrated- -DQ'.Probe_ |




-Solvmg Slrme Growth in delrvery tube
_# .

L
]

Drsrnfect delrvery tube Weeklv 7 ix

- .

B - (50mL bIeach/2L)

9 L]

e L' | 1? rgiutﬁ Solutron ofT—ICl (10‘D m'— HC'/ : Water)l'

10 DO NOT mix acrdwrth bleach' - .

o - Chlerine'gas is produced in this reactlon =
- .Even in small quantrtres exposure to
chlofine gas canbe fatal. A

a7 Use reinforced nylon tape 'aro.und
~larger bottles for safety .
4308 Notbrng touches, Water except teflon
LAARENI G DR . e '

-




e Tublng types '

L

B
]

Surgical latex

Tygon; “fish tank” tubing

b

Gum rubber types (black or red)



- Solving:, Water Quality issues .

T 3 * L] . m 2 . . .
L ] o v - H
=

% Avord "groc‘ery store" ‘dlstrlled Water |

: pfastlc bottfes often Ieach oxygen demandlng materrals

T

8 ; .
e
b

% Aglng drl,ution water % pre testrng before

‘use can réduce most quality problems'

% If age. water, do not add the: phosphate buffer solution. . . .
' -IAIW.ays _dlscard_water If _g_rowth obseryed__ m_drlutlort W_ate.r._ ¢

S




SolVIng Systern I\/Ialntenance |ssues

% FoIIow manufacturer S recommendatrons for

cleanrng and dlsrnfectrng st|IIs E16:
SLOHsexpenences § e itz WAt

- .

| Ei Srmple deronrzer systems can work WeII but Can '

qurckly be overgrown With: bactena and mold.
Ca~n leach, organlcs If not malntalned regularly

-

: & Chldnnateol Water feedrng ion exchange systems

"7 " 'tesin can break down / leach 0, demarding material.
8 :Solutron pass water. thru actrvated charcoal oartrldge prlor to resm

‘ “ .

- §

A eeNn- lab auto drspensrng deodonzers
*Solution: - Don’t use them!. il M

-



27, Solving :-';Sist'e_'m 'M-ainter\-ance‘._iSS'ues '.
% | usmg S|mple delonlzer system use

*nuclear -grade or v=|rg|n resm

0 1.€., Lower grade or “re used” resms WILL Ieach
o’ .' organlc matter and cause problems R -

f& Actlvated charcoal after delenlzmg can heIp .

reduce organlccontammatlon | T

- Caution: Charcoal can become Contammated with |

-bacteria and cause prQblems as well (at Ieast one’ lab g”

experlence "J4 Follow manufacturers recommendatlons for
- sanltlzmg and mamtenance to av0|d thls probiem e




- SLH's dilution water -.eXpeTiéhlééS

BOD Blank Depletion Trouble Shooting

Rm 119 Rm 118A
Water Water

Sanitized
Rm 119

—
-
(@)}
S
c
o
=
<@
(@
o
O




 Dilution water--simplest ;scjru_t'io‘ns' h

. 6 Obtaln Water from another Iaboratory or vendor |
5 @ Purchase Water from a source that has proven e
ho, success. . | i HEM

¢ Buy an, aII glass Iaboratory strII and drstlll your

-

L ewnwater. T L

f' O Buy a bench -top Water RQ and polrsher combo
- that V\nII produce ASTI\/I Type I Water | A

]

Note Thesesystems are expensrve (about $1000) and Pt
: ,‘ - mustbe marntarned regularty t0 be effectrve

. & G e x ) . .




. Salving: Glassware cleanliness problems .
*‘
ﬁ Use a good Iab»grade non phosphate detergent and bleach

& anse thoroughly with. tap water foIIowed by drstllled water A\

% Allow to dry before stonng

"

“t AIways cover glassware and store in a cIean dry plase | T ]
'l .. : ’ L] = ; L L - , ‘o . ' pre '
e AIternate Clean'ing 1\/Iethod wrthout Bleach A

‘t Use a good laboratory grade non- phosphate detergent

‘t Rinse thoroughly with tap water followed dilute HCI*
(10% solutlon 100 mL HCI per liteF of Water)

‘t 'Rinse again w/ tap Water foJIowed by: dIStI”ed Water

b Allow to dry before storing, - - : ST

3 Always cover gIassWare and store in a ctean dry place e

Warnrng DO NOT- MIX HCI and bIeach It erI
. produce poisornous ¢hlorine gas!!i!




" Salving: ‘aeration-related contamination.

e, § L]
Py L]

'_ ',‘? Don t reave drIUtlon Water open to the air

~_-¥ Never use an arrstone y- )

_'._ ‘? Never put "frsh tank" tubrng drrectly in drlutren Water'

-i% Frlter compressed air threugh a frlter or glass wool




- 'Solving:- aeration-related contamination. "

I ; ] i .
j g J ] e L : ' L
[
v oy 3 & . e ; I

L]

y
- =




- Dilution Water Control = one lab's solution - -

—

LB UM Filfers o i TS S S

B pT_d Vacuum

L 'V-ac-uum.FlaSk,"- \

‘251 gl‘as‘scqntéihe*ré wi dual hole stoppers.




¥ . ] - . : r % - -
\ .. [ ] . ] . ; . W

- Troubles hooting: Do probge 'calibrati'o'_h - problems_ ‘

T 3 * L] . m 2 . . .
[ ' " -
- ‘ C i T

A Poor callbratlon may glve the appearance of a d|Iut|on g

N - water problem when the water may be fine -

'-.”*'

‘t Recommend callbrattng usmg.the Wlnkler t|trat|on

& o) Fg L

- "l | L #

‘t If a|r saturated Water caltbratlon 1S used

4

use. a good quality barometer in the Iaboratory I

L] " 8 _— i ‘ "

¥ Check the barometer callbratlon against a rellable source. '

_atleast quarterly (mternet alrport local statton)
Remember you must re- correct for actuaI a'Itrtude




| '+Tr®tjble$hbeti‘ng':.'D(')- 'P_rebejm.-a1f[1netions- ..

1 AIIow i hr after membrane change for the probe to’ stabllrze
| Overnlght IS better. AT\ e s
2 Warm-up instrument. CaLrbrate 2 W el
- 3. Observe, readlngs contrnuously for mrns W/probe in bottle
4. Be.sure the temperature is (:onstant ) AL AN
&l Watch the teddings carefilly.: “ & v =00 ot T e

o\ DQ NOT Just record the |n|tral readrng and come back 2 mrnutes Iater
You need to actually see what happens over the time® perrod '

" .
-

g @ |f readrngs drrfts s[owly_DOWN a Ionger warm up trme IS req.urred

' @ |f readlngs JUMP AROUND ~the pr'obe fs not functronrng properly

@ If readlngs STABLE 1n the arr calrbratron bottle sensor is probably OK j
@ If readrngs Stable in the air calrbratron bottle but not in solutlon the D

membrane IS probably defectrve) SR

l‘hformauon bbtamed frof‘n WWW nc,labs co- |




"T.r'0ub|esh'0'f0t'_ir1\g_:.'D._(')'Probe malfunctions

b [ ] ; L ;
- L L] "
-‘ ']

Zero Oxygen Check (Response check) €
%&%’7 Drssojve 0. 5 b grams of Sodlum‘SuIﬁte |n 300 ml of Water

%ﬂ% Stlr slowly~avord tor.nadoes" sIowa pour |nto a BOD bottle.
&‘i‘;’; Cal.tbrate your DO -probe’ as you normally would

.&‘i% Place the probe |nto the "Zero Oxygen so#utron

&‘i%()bserve' Gk A :";‘ g ..

%i%Meter shourd read "O" within two mrnutes o Y h

(Wrth some older Y'SI systems readrngs be[ow 1. O mg/l are consrdered zero )

" .

- - Y

' Vi In‘fofr‘nation' obta'inf_:d f_i‘om‘www,nola'bs.com~




* . DO Probe-Maintenance = -

et

Eleetrolyte replenrshment

For best results

_- ."I\/Iembrane failure [

Membrane rupture —
Membrane foulrhg LA

—
-, '

_-Cathode and anode clea‘nrng

RN ollow Manufacturer recommendations for

B interval & procedure




. Troubleshooting: -
Con5|stent hlgh blas |n GGA

' Seed source selectlon 1S crrtrca,l |f recyclmg flnal mto
prrmary elarrflers could be addlng n‘rtrlflers to the: seed |

- L]

b To determlne If nrtrlflcatlon IS occurrlng try addmg a | o)
‘ nrtrrflcatlon |nh|b|tor ' ¢ | x

L Compare GGAs seeded Wlth effluent VS. freeze drled seed_

% If you don’t warm the GGA before use results WIII be

s j consrstently high. . - g ,
o X (Check on: experrmentwnh colored |ce vvater in a.volu

lf nrtrlflcatlon |s occurnng 5 A
* Select another source (that d'OeS ndt receive flnal vvastewater)
_' *Use. freeze drled seed: @l et Qi - '

L]




Trouble'shootrng
Consrstent Iow results for GGA

Not enough seed - adjust the amount used unt|I you
conS|stentIy aohleve GGA results 6. the aooeptable range ‘. ¢

L

et Poeltseed 'quality'- try another seed source(mlxed Ilquor '.

prrmary another V\/WTP commerC|aIIy prepared seed) ,

L ] = ' . -
L] '] - 4 "-

GGA too old and/or Contamlnated drscard exprred“or
| Contamrnated squtlons Ly @ sttt

, L
‘-1

. T'fy anoth"er"sourbe - Several different types J venddrs
(NCL Frsher other screntlflc speC|aIty companreS)




~ Troubleshooting; "
Poor PreC|S|on (samples)

[
R
.‘ (]

L 3 ™

*-‘? Charactenzed by W|de vanatlon among dllutlons- .__

" ) ‘?' BOD s a bloassay technlque tnus

R mhere.ntly less: premsé than mstrUmental tests
N Ilke ammonla arfd total phosphorus

. % Loo
% ‘? Loo

unto sample measunng technrque M

¢ for “Chunks” thatmlght Still be -V|SIbIe AL >

ik I\/Iore Concern w;th poor prec:|3|on |n fln-al vs raw*_ :

S




-




o Corre'ctrve ACtiOﬂ

h'Sltuatron' Corr’ectlve Action "+ -

" Dilution water 1) Check probe perferm‘ance (mcl callbratlon) .
depletes> 0.2  .2) Using “grocery store” water'in.poly: jug -
b imd/La@ 8 i gl S 3)iClean: glassware/tublng =49 |
ot 4) Evrdence of growth in futrient solutlons’7 '

o éeéd‘ Control _ 1) Re-—evaluate seed strength
' depletlon not - .- 2) Use more sead %
] () 6 to 1.0 mg/L *.3) Consider another seed.source B¥ e U
: 4) ***GGA performance good & congstent’? A

Replrcates ‘_ 1) Check for errors sample problems
_exceed conttol; - 2)'Review control'limits T
; Irmlts g St ©+ 3) Run another repllcate on next.analysrs day _'
" 4) Qudlify results on'DMR back to last pass. -




: ".C'orrecti've Action;* 5

”Sit'uation' 'Correctlve Actron Wl iE
i i) Check probe performance/calrbratlon
2)-Look forssaurces of contamrnatlon
. 3).Change in seed sburce?
- 4) POSS|b|I|ty ‘of n|tr|f|cat|on’>

A ‘5) Run another GGA next tlme T
_' 6) Quallfy data on DI\/IR back to Iast good GGA |

. GGA failing.
CHIGH.

L

""u.l i

VIR s '1) Check probe performance/callbratron
| GGA fa|1|ng 2) Using engugh.seed?? '~ A
) LOW il i B Seed from your pIant change In the process’P,
| *4) Old/expired GGA? Distard. b T @ -
e Ui another GGA riext tlme ' |
| -6) Quallfy data on DI\/IR back (0] Iast good GGA

L]




Setting up an effective QA'Plan .- -

%5 Tables are better tha'n ots of text!

"'h

v the old “a prcture |s WortthOO Words” concept _
\/Tables FORCE you to be brref

3 rules for burldrnq agQA Plan by tables
: What am | eva.Iuatrnq’? (parameter)

How do tevafuate it (crrterra)

e What If it doesn t meet specrfrcatrons’P (Correctrve Actlon"




Putting it all tagether.- your QA.Plan
" Evaltitirig? _' -C“ﬁefié s IF.CO-FI:-thi,V'e.AC'[iOh . oy

"

\"\

- Dilutisn:Wiater o< 02 g/l depétiots 1) Identify source -
et B W B Sl 2 ) EGlIECT Problem ¢
b b @ g g 3) Quallfydata LT,

A4 198 + 3'0'.5 mg-/I'_";;;.- & '1) Check prep data' _
', =1675t02285mg/L - 2) Analyze another Next run
A et b Qualn‘y data = A

i

\ ".Replicétes_' Wlthm Control L|m4t(s) -1) Homggen,eous sample? .:
Tt Ut Gt 2)Ana|yze known std
P ot (N ] 3)QuaI|fydata . €

L]







-

Docu mentatron basrcs

A Iaboratory IS requrred to

malntaln records r NR 149 06 [esp (5)]
* WhICh are un- alterable R e TS £ @
KRl 8 Whroh enable complete traceabllrty [by. an audrtor]
ol .' '. '_ o foraglven three -year complrance perrod . o

_use _pe'rt!? 4 -;_ 5 4%
SR Operatmq Prlncmles S o g

M Ifyou didn’ tolocument it, you didn’ tdo |t
IZIYou did the work take credlt‘for |tl |

L]

M & . . 3 o
« reprinted by p'erm‘issiop: Environmental Resource Assdciatey




e Docurnentatron &5
| '-Have avarlab.le for any tnspectro-n e

" ,@S Any prelrmlnary t'éstlng (pH ch]orlne reS|dual)

| & Sample temperature & barometgc pressure .

| "}52§ Trme and date |n (and out) |ncubator (military time or a/p)
: .u@S Incubator temperature each day samples |n progress

-' 25 ALL sample related Lnformatton and raw data

-

g Seed source -whrch sampleS are seeded and hOW much-'_

',@5 CIearIy show any |n|t|at~d|Iut|ons (vs wrltlng “O 5 mLs”)
25 CaIcuIatlons and data assoolated Wlth oontrot I|m|ts
-ES Control I|m|ts |n use over tlme (rﬂOst recent 3years)

-':ﬁ'g Any Correctlve Actl‘on (mcludmg m,alnten‘ance)




SRR ' Ben'chsheet Header

'Facr-hty Name RGN
il & B@D Benchsheet

Sample Locat|on (speC|f|c) pH Sample Type (grab ~hrComp,.et.c‘:.')'j.
Raw_ 3 i Gl S
Final - .
Seed source

e
b

éample Date: "Tést'lf)ate' .
Collected by e e e Analyst B

.lSampIes NS DI i N Samples OUT Date
Time: __W i B T|me
'Room Temp (@) Room Temp (° C)
‘Barometric pressure b st R E Baro_met_rrc.pressure
Oxygen Saturation * . * *'.  Oxygeh Saturation




.. Sample Berichsheet. -

. W
L

b ]

Dil’n
Blank

Bottle

#

Sample
mls

Seed

mLs
added

Initial
DO

Final
DO

DO
depletion

Dilution
factor

Seed
Control

GGA

Raw

Final

Replicate
of
Final

' Average only values with a depletion of at least 2 mg/IL and a final DO > 1 mg/L




£ ample Data'l'+. -

L1

E

=

L]

A B C D F
] Sample Seed Depletion DF BOD
fl Sample Botll# mlLs mls DOI DO F B-1C SCF  300/4 F x (D-E) REPORT
X 300 0 5.5 5.4 0.1
Dil'n Blank
» 1] 300 o] 5.0 5.4 0.1
Al 3 5.9 6.2 23] 046
Seed Contro]l C 10 5.0 4.7 Jal 038
“ H 15| &85 18 66| 044
L B E 5.9 3.4 51| 085 a0 2123
GGA T B i 5.0 3.5 5 085 a0 LoT.3
B & ! 5.0 6.1 24 0.=5 o0 773
W 3 0 5.9 6.9 E 0 100 Q000
Sample 1 F 3 0 5.4 4.3 4.1 0 B0 2460
| AT 10 i 5.4 3.2 5.2 i a0 156.0
F 10 0 5.3 4.9 3.4 0 30 102.0
| Sample 2 G 5 0 5.3 ! 6.3 0 1% 756
40 0 5.4 .4 ] 0 7.5 45,0




Sample Seed Depletion DF
fl Sample Botl# mls mlLs DOI DO F B-C SCF  300/h F x (D-E) REPORT
300 0 5.3 5.1 0.4

300 D 5.0 = 0.5
5 5.0 75 05

10 5.5 7.1 1.4

5. 6.2 2.3
5.3 2.0 3.3

5.3 4.5 37

5.0 4.5 35
5.0 6.3 L

34| 4.4 4

5.4 15 6.5
5.3 6.3 a

5.4 1.0 T4
=4 3.7 4.7

Dil'n Blank

M Seed Control

|3 m |3z alE o=
—
Ln

Sample 3

e
=

T

Sample 4

D || D[S | D | DD | e | D




'« .. Sample Data M1-. - <"

Sample Seed Depletion DF _
._ Sample Botl.# mls mls DOI DO F B-C aCF  300/h F x (D-E) REPORT B§
300 ol 96 9.5 0.1

300 o 94 9.3 0.1
al 9.5 3.0 4.5

10 948 1.1 5.3

15 S.5)==1.0
9.4 0% 5.0

9.3 1.1 5.4
9.3 05 5.7

106 Rz 75
101 6.3 3.5

Dil'n Blank

Seed Control

X
8]
Al
C
H
L
T
B
W
F

Sample o

e
=

9.3 9.1 0.4
Sample 6 E 9.5 5.6 0%




- =

| S,U'mrnery' '

et

M Drscussed the “Whys” *of IOD .
xl Revrewed common problems Wlth the test

B |

Drseussed the art of ealrbratron

Revrewed the method |n detarl

| .'._Zl Hrghlrghted QAIQC requrrernents

.'Drovrded resolutrons t6 Common problemsr |

Drscussed Wh‘at documentatron |s reqmred-. :

L '3ut it all together [your QA manual]




" For 'm‘o_re'.'i_ni‘or;matioh:'-." 5

George Bowman _ '-_‘ Rlck Mealy

6608) 224-6278  + - - (608) 264- 6006

State | aboratory of Hyglene A -Wisconsin DNR
2601 Agriculture Drive . = . * PO Box 7921 .
Madlson WI_ 53_7_1'8 s _ I\/Iadlson WI 53707

—
-, '

State Lab Web addfess .
| http JIWwWw. slh. wisc. edu/outreach/

_DNR S LabCert homepage : 7 i
http //www dnr. state WI us/org/es/scnence/lc/

- ) L] %




‘ _ Sample Data IA
'Blank OK. S0 oD

*;_S_C;-' GK.' o
__GGA I\/Iost I1kely falled to seed 3rd one '_ b
31 1. poor preC|S|on’? '
~ 2.sub-sampling problem’P Wrong plpet?

| - Too slow to traRsfer? '

i & 3 sample chunky (hetergenous)

L g 8

R QMmgBOD ;

' toxic sample’P

Nitrification? | . -
madequate mixing b/w dllutlons‘? |

" more SO|IdS in earlier dllUtIOﬂ"S




L]

\ sl

X Samp_l-e'-'Détaf IIA!_' .

Blank Excegswe depletlon.m blank d

seed tooweak g

el GGA ';GGA- fails'..-.loyv-_bia;s,!_"
S0 ".not'enough seed

.See'd 'nc')t etrong enough

| 'sl'ldlng BOD B
: *probabTy mixing problem |
ALY lnadequate mlxmg b/w dllutlens ey

&
-

‘-1

"'_'_c‘ontamlnated'75-_mL pJpet? -_'. " x
- 'sub-sampling probably (chunk!) .




Sample'Data IIIA

Blank Bad Callhranon o o
_ _Slnce DOf IS stlll thh Cant be Cold

< sC VERY actlve..seed i, e

-

' ,'_'Seed too actlve overdepletes
. . Not. enoug\h GGA"
. Data probably.OK
. Can’ t average GGA

5% .'Needs extra nutrlents .
; 'Supersa'turated (200 mL)
| .Dlluudn wateT dropped DO|

'--Insufﬁuent depletlon
. Need to use more’sample " |
" 'LODis 8:s0 should report “< 8" «




