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e Downhole system—

a.
b.

Carefully lower a sampling tool attached to a wire line.

At the collection point (in a well or in surface water), break
the scored tip of the ampoule using a sharp upward tug on the
sampling tool. (This permits sample water to be drawn into
the ampoule. During transit to the surface, progressively
decreasing pressure in the ampoule prevents cross
contamination from overlying water through the capillary
tip.)

Withdraw the ampoule from the sampler and mix the contents
of the ampoule by inverting it several times, allowing the
bubble to travel from end to end.

Wipe all liquid from the exterior of the ampoule, using a lint-
free tissue.

e Overflow cell—

a.

b.

Purge the well (NFM 4.2).

Connect the plastic overflow-sampler tube provided by
CHEMetrics, Inc., to the outlet of the ground-water pump
tubing with a short length (2 inches or less) of C-flex tubing.
Reduce the pump flow rate to about 500 milliters (mL) per
minute for sample collection. Continue pumping the well and
allow the sample tube to overflow during sample collection.

e Use optically clear materials for the tubing and chamber
(to check that entrained bubbles are not present). Air bub-
bles that adhere to the sides of the tubing and flowthrough
chamber will add significant error to low-level DO mea-
surements (A.F. White, U.S. Geological Survey, written
commun., 1993).

e Flush air bubbles from the tubing walls and flowthrough
chamber. Tap the tubing with the blunt end of a tool to dis-
lodge entrained air bubbles.

. Insert the glass ampoule, tip first, into the overflowing

sampler tube so that the tapered tip is at the bottom of the
tube.

. Snap the tip by gently pressing the upper end of the ampoule

toward the wall of the sampling tube.

. The ampoule will fill, leaving a bubble to facilitate mixing.

Mix the contents of the ampoule by inverting it several times,
allowing the bubble to travel from end to end.

Wipe all liquid from the exterior of the ampoule, using a lint-
free tissue.
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5. Insert the ampoule directly into the 13-mm-diameter spectropho-
tometer cell holder immediately after retrieval.

6. Read absorbance:

e Make spectrophometer readings as soon as possible after snap-
ping the tip of the ampoule, optimally within 30 seconds.

e Read each DO value three times and record the median value.

7. Calculate the DO concentrations using regression equations pro-
vided by CHEMetrics, Inc. (White and others, 1990).

8. Quality control—
e Repeat steps 5 through 7 twice to document precision.

e To document the variability of DO concentrations within the
water system, repeat steps 3 through 7 on three sequentially
collected samples.

IODOMETRIC (WINKLER) 6.2.3
METHOD

The USGS currently uses the Alsterberg-Azide modification to the Win-
kler titration procedure for iodometric determination of dissolved oxy-
gen. The accuracy of measurements using the iodometric method
should be within at least +0.05 mg/L.

» The iodometric method currently is not being used as a standard
field method in USGS investigations for measurement of
dissolved oxygen because (1) the accuracy achievable can be
variable and is dependent on the experience and technique of the
data collector, (2) potential environmental interferences require
advanced knowledge of sample chemistry, and (3) field conditions
can make preventing exposure of the sample to atmospheric
oxygen difficult. Nevertheless, use of the iodometric method can
produce accurate results when correctly implemented.

» The iodometric (Winkler) method is excellent for calibrating DO
instrument systems in a laboratory environment.

— When calibrating amperometric instruments in the laboratory
using the Winkler procedure, deionized water saturated with air
is titrated to determine the DO; the DO instrument is then
adjusted to the concentration determined from the titration.

— If a saline solution is used to approximate the environmental
water, do not apply a salinity correction factor.
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6.2.3.A EQUIPMENT AND SUPPLIES

Equipment and supplies needed for the iodometric method are listed in
table 6.2-5. The procedure involves the use of reagent packets avail-
able in premeasured pillow packets from commercial suppliers, or pre-
pared as described in Skougstad and others (1979) and American
Public Health Association (2005). Clean all equipment before use.

Table 6.2-5. Equipment and supplies for the iodometric (Winkler) method of
dissolved-oxygen determination

[mL, milliliter; N, normal; uS/cm, microsiemens per centimeter at 25 degrees Cel-
sius; NFM, National Field Manual for the Collection of Water-Quality Data]

v" Beaker, 2,000 mL, glass or Teflon™

v" Bottles for biological oxygen demand (BOD) analysis, glass
stoppered, 300 mL

Stirrer, magnetic

Stirring bars, Teflon™ coated
Cylinder, graduated, 250 mL
Flask, Erlenmeyer, 250 mL

Buret, 25-mL capacity with 0.05-mL graduations and Teflon™ stop-
cock

Buret, support stand

Buret, clamp, double

Alkaline iodide-azide reagent

Manganous sulfate reagent

Sulfamic acid granules

Sodium thiosulfate, 0.025 N titrant

Starch indicator solution

Clippers, for opening reagent pillows
Appropriate safety gloves, glasses, and apron
Waste disposal container

White background sheet

Deionized water (maximum conductivity of 1 uS/cm)
Bottle, squeeze dispenser, for deionized water

Thermometer, calibrated (see NFM 6.1 for selection and calibration
criteria)

RN N N N N N N N N N N

Pocket altimeter-barometer, calibrated, Thommen model 2000™ or
equivalent

Dissolved Oxygen, Version 2.0 (5/2006) U.S. Geological Survey TWRI Book 9



DO—-31

MEASUREMENT 6.2.3.B

Measure DO on at least two subsamples, for quality control.
Results of two iodometric titrations should agree within 0.1 mg/L. If
they do not agree, repeat the titration on a third subsample.

Follow steps 5 and 6 to perform the iodometric titration in duplicate. If
the purpose is to check calibration of an amperometric or luminescent-
sensor instrument, start at step 1 and continue to the end.

1. Fill a 2,000-mL beaker with deionized water that is near DO satu-
ration. The water temperature should be close to the ambient (field
or laboratory) temperature.

2. Prepare the DO instrument for operation according to the manu-
facturer’s instructions.

3. Place the DO sensor in a beaker of distilled water. With a magnetic
stirrer, maintain a velocity of at least 1 ft/s past the DO sensor.

4. Monitor the DO concentrations of the deionized water with the DO
instrument and record the value after the readings have stabilized.

5. Carefully fill two biochemical oxygen demand (BOD) bottles with
deionized water from the beaker, taking care to avoid introducing
any air bubbles, and overflowing the bottles adequately to remove
any trapped air bubbles.

6. Determine the DO concentration of the water in each BOD bottle,
as follows:
a. Add one each of the following dry reagent pillow packets:
e alkaline iodide-azide (white powder).
e manganous sulfate (pinkish-colored powder).

b. Recap the bottle. Do not allow air bubbles to be trapped in
the bottle.

c. Invert the bottle 25 times or more to completely dissolve the
reagents.

e An orange-brown flocculent indicates the presence of DO.

e Allow the flocculent to settle halfway down the bottle
(approximately 5 minutes).

e Invert the bottle 25 times again; let the flocculent settle
again until the upper half of the solution is clear.

d. Add one reagent pillow of sulfamic acid.

Chapter A6. Field Measurements Dissolved Oxygen, Version 2.0 (5/2006)
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Recap the bottle without introducing air or air bubbles. Invert
the bottle 25 times until all of the flocculent and granules are
dissolved, leaving a yellow color.

Fill a clean 25-mL buret with 0.025 N (Normal) sodium
thiosulfate titrant. Remove any air bubbles from the delivery
tube beneath the stopcock and zero the meniscus.

Use a clean, graduated cylinder to measure 200 mL of the
sample and pour the sample into a clean, wide-mouth
Erlenmeyer flask.

Place the flask on a magnetic stirrer. Add a clean Teflon™
stirring bar and stir the sample at a moderate rate without
aerating the sample.

Add increments of sodium thiosulfate titrant until the color
turns pale straw-yellow.

Add 1 to 2 mL of starch indicator solution. (This causes the
sample to turn dark blue.)

Very slowly add more sodium thiosulfate titrant until the
sample just turns clear. (A white background behind the bottle
will help you see the color change.)

Record the volume of sodium thiosulfate titrant used, in

milliliters.

e For a 200-mL sample, the volume of titrant added is directly
proportional to the amount of DO in milligrams per liter.

e To calculate DO for a sample volume greater or less than
200 mL,

200

DO (mg/L) = (W

) x titrant added, in mL

. Record the DO value. Rinse the equipment with deionized

water.

Quality control—The titration values for the duplicate
samples should agree within 0.1 mg/L. If they do not, repeat
the titration on a third sample.

. Recheck the field instrument for proper functioning, following the
manufacturer’s instructions. Adjust the calibration control until the
DO instrument system reads the DO concentration determined
from the iodometric measurement.
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REPORTING 6.2.4

USGS personnel are instructed to enter the DO value on the National
Water Quality Laboratory Analytical Services Request form and on the
field form.

» DO concentrations are determined to the nearest 0.1 mg/L.

» If the concentration exceeds 20 mg/L, report “>20 mg/L.”

» Note that the percentage of DO saturation in water can be greater
than 100.

CORRECTION FACTORS FOR 6.2.5
OXYGEN SOLUBILITY
AND SALINITY

Correction factors for the solubility of oxygen at various temperatures
and pressures and for salinity based on conductivity are given in tables
6.2-6 and 6.2-7, respectively. Tables 6.2—6 and 6.2—7 were generated
from the equations of Weiss (1970) and can be customized to cover the
range and decimal places needed (see U.S. Geological Survey Quality of
Water Branch Technical Memorandum 81.11, 1981). Interactive software
to generate a specific range of oxygen-solubility and salinity correction
factors can be accessed at http://water.usgs.gov/software/dotables.html
(accessed Apr. 28, 2006).

To convert oxygen-saturation values for salinity, use correction factors
based on chloride concentration or conductivity. Refer to the manufac-
turer’s instructions for the DO instrument before applying a salinity cor-
rection.

» Correcting DO solubility for saline waters (salinities greater than
2,000 microsiemens per centimeter or 1,000 mg/L chloride) varies
with instrument type, calibration method, and the salts in solution.

» The correction based on conductivity (table 6.2-7) is more useful
because accurate conductivity can be determined easily from a
field measurement. Salinity correction factors based on chloride
can be calculated using information provided in U.S. Geological
Survey Quality of Water Branch Technical Memorandum 79.10,
1979.
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» DO instruments use either an automatic internal salinity
correction, a manual salinity control knob for internal
correction, or the calibration control knob for manual salinity
correction.

» Check that instruments with automatic internal salinity
correction use approved salinity correction factors.

Example of salinity correction:

8.2 mg/L x 0.951=7.8 mg/L

where,

8.2 mg/L is 100-percent DO saturation from table 6.2—-6,

0.951 is the correction factor from table 6.2—7, and

7.8 mg/L is the corrected value.

For this example, you would adjust the DO instrument to 7.8 mg/L
from 8.2 mg/L.

To express results as percent saturation, use the following equation:

measured DO (mg/L)
DO (mg/L at 100 percent saturation)

DO (percent saturation) = 100
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Table 6.2-6. Solubility of oxygen in water at various temperatures and pressures

o o>~ n o«
o . . . .
© L N o~
0 oo~ w © 0
o N
0 ® >~~~ ~ o~
o o o oo~ © 0
0 ® o~~~ ~ o~
0 - o oo ® ~ ©
0 ® o~~~ ~ o~
o N H oo™ ~ o~
0 ® © ® >~ o~ ~ o~
0 NN H O o ® ~
© ® 0 ® © ~ ~ o~

fo MmN oo o ©

8«; ® ® ® ® ® ~ ~

]

E 1y + MmN Ao o o
- .

"6@ ©® ® ©® ™ © ~ o~

)

a-*)o $ N o o
< [

2o ® © ® © ® © ~

£

:m MmN - o
< [

4 0 ® 0 ® © ® ® ©

£

a

o v n T ma - o
" L.

-~ © ® 0 ® o @ ® o

[

£

0 n [CRCIT R S

0 .

[T ® © ® © @ ® o

g

Q

v o [ECILEE ) 0~

4 © .o

H w0 ® 0 ® o @ ® ©

[

8,

0w ® >~ 0 0

g\n ® © ® © @ ® ©

5

<
o ® 0~ 0 <+ ™
© ® 0 ® © @ ® ©
n S ST LR
© ® 0 ® © @ ® ©
o oo o> w LR
© O © ® o @ ® ©
n - o oo~ ©
@ R
© o oo ® ® ©
o - o oo~ ©
o .
© o oo ® ® ©
0 N H oo ® ~ ©
o L.
0 oo o ® ®

Q

£ U o oo n o

0 o .

B 0 1n v Vv~ o~ @

H oA A o

18

7.4 7.4

7.5

19.0
19

20

20

21.0
21

7.1

7.1

7.5 7.4 7.4

7.5

7.7

7.7

22.0

22.5
23

23

DO—39

Chapter A6. Field Measurements

o n + ¥ MmN N+ O oo
v v o Vv Vv Vv w v YV VY n
o o n < ¢ mm N+ -+ O o
o v ©w v v Vv w v Vv Y o
o~ o O n ¢ ™M MmN -+ - O
o v 0w v v Y v w Vw VvV Y Y
oo~ 0 VN « MmN A oo
o v ©w v v Y v w VYV YV Y
o ©~ o~w N N + MmN N A
w v 0w v Vv Y v w VYV YV Y
o oS~ non + ¢ MmN
w0 v 0w v WYV Y v w v YV VY Y
o o~ ~wn n ¢ ¥ MmN
w v w v v v v v Vv Vv v v
o o © © >~ Vv Y nwm < ¢ m
[ Y] w v Vv v v v v vV v v
o o O 0 © >~ WV o wnwn Y m
oo~ o Vv Vv Vv v w v VvV VvV v
— o o Oy © © >~ 0 VN wn
oo~ o Vv Vv Vv w v Vv v v
— o o0 O o > oSwW VN Wn
oo~ [N BN B A \<) w v Vv Y o
o - O O O © oS~V YN
[l o~ >~ w0 v v w Vv Y v
m N - O o o o o~~~ ww
o~ o~ [l N R AR X w v VvV YV Y
m N N - O O O @ o >~ >~ WO
o~ o~ [ N L ) w V VvV YV Y
<+ ™ NN+ O o O 0 © >~ o~
[l [ N T w Vw YV VYV Y
<+ < M N N+ O o O ©® © >~
[l [ S e [ Ne Ve BN R o)
n < Mm MmN A A o O O @
[l [ o~Sow VYo
n un MmN - O OO O @©
oo~ [l S S [ e I JNe]
o un n <+ MmN - -+ O o o
oo~ [l i i [ i SN e
o~ n < ¢ MmN N+ O o o
[l [l N [ i i S N
o un o 1n o n o n o wn o wn
< n wn v o r~ 0~ © © O O
o N NN NN NN NN
Dissolved Oxygen, Version 2.0 (5/2006)




o o 0 @ >~ [CRNCINT IRTO Y MmN N N HHO O o
) 0w wnwn n 0w wnwn [T RT RRTo T RTe} [To R ToRTe BT R TO T
0 o oo ® > ~ 0 VW ™ NNHHO o
) w0 wwnwn [ToJT R To R TORNTs} [ToRTS R To T RS [T R To T BT BT T
o o oo © [ C IR} [T T ) m NN AHA o
0 [CRRTo T RTe RTo) [ToJT R T R TORNTs} 0w ;o wn [N To R BT R T T
n o oo o ® >~ WO TR ) MmN N o
) [ RN RT T BT n 0w wn 00| wnmn [ToJTo RTo RO TS T
o - o oo o ® © >~ O [T T MmN o
© W WV VI n 00 nwn 0 0w wnmn [ToJTo RTo BTo TS BT
n -+ o oo o © © >~ [CRRCIT T N I B B S N
E:\Q [CRRCRRRV- R n 0w w0 wn 00w’ wnmn [ToJTS RTo R TORTS BT
3
¢]
Zjo N+ H o o o oo ® > ~ 0wV ST T B NN
- E o [CIRCRICI R n 0w w0 wn [T RT RRTo T RTe} [To R ToRTe BT R TO T
(3] W
> o
c a0 NN H Ao o oo ® N~V [T L Y
f= ijo [CIICRICIC R [CINT T R TORNTs} [ToRTS RN To T RTe} [T R ToRTe BT R T T
o i)
(6] Q
§o MmN N A A o o o o 0~ > VO nwm< ¢ m
A&
7] = o [CIICIII R [T R TORNTs} 0w’ wnwn [T R To T BT R T T
(5] -
= £
<=I’) I MmN A - o oo o © 0~ [~ WO [CRTRT R S
<
3 - 0 0 WV VvV Vv v O WV WV N 1N n 1w w N wnwnwmwn n
e ~
o ]
4 o M NN - - o oo o ® o > > RV RT R TO N
o n © [C IRV R [CRECIRV RN} n 0w wnmn [ToRTo RTo RO TS T
© )
]
(%] N
[<}] Q E N I N+ Hd o o o o @ >~ R TS R,
> 0w [CREC IR (IR RNGINN 0w’ wn;n [To R To T BTN T ST
+— -
@« N
A ]
<) g o 0 ¢ Moo NN H A O oo oo ™ [ V- RN To BT
g' %\g [CIRCIICI R [CINCIEC RV} [CRRTo T T RTo) [ToRTS BT BTORTS TS
Q
[<}) £
+— D
S < nwn S ™ NN N A oo oo ® [ S R I T
g ) [CIICIICIC R (SRR RV} [CRRCINT T RTo) [To R To T BT R T T
=
‘>U o VNN W MmN N - o oo o @ o~ 0w
— © [CIICIII R [CIIC IRV} [CRRCRRVRTo RTo) [T R To R BT BT T
©
o
flj n ~ OV W MM NN - 4 o oo o0 O~ ©
g ) 0w VW VW WV WV v VWV Vv Lo v WV v vV In N wnwwmiw
c
— o [ BT I} <+ MmN N+ oo a0~ I~
d:.) © [C IRV R v VWV LV Lo [CIRCREV RV RE) [ToJTo RTo BTo TS BT
(=]
>
=< n © >~ W VI n < ¢ MM NN HH O o oo I~
3 © [C IRV Rt v VWYLV L VLV LYYV [CRTC BT RTo TS T
o
.a‘ o © >~ >~ WV n w0 S ™ MmN A oo o
3 ) [CIRCRCI R VLV VYL [CRRCIETRR R (R RTo R To T TS
>
[=] 0 o0 o>~ [CRT T R MmN N A coo a0 o
«» ) [CIICIICI R (SRR RRRV) [CIICIRRC R (IR BT BT T
<
N for]
LO. S o n o 1 o n o wn o n o 1n o n o n owmouwmnm o
oy & & oo HH N NS n 10w o~ N ®ooo o o
— Mm MM Mmoo MmMmmmom Mm ™M MmoMmm MMM
o
K
Dissolved Oxygen, Version 2.0 (5/2006) U.S. Geological Survey TWRI Book 9




DO—41

6%6°0 <TS6°0 9S56°0 6S6°0 <T96°0 S996°0 696°0 <CL6°0 S§L6°0 8L6°0 TI86°0 ¥86°0 886°0 T66°0 ¥66°0 L66°0 000°T 0°6cC
6¥6°0 <CTS96°0 GSS96°0 6S6°0 <Z96°0 G96°0 896°0 <TL6°0 GL6°0 8L6°0 T1I86°0 ¥86°0 LB6°0 T1T66°0 ¥66°0 L66°0 000°T 0°8¢2
8%6°0 <C¢96°0 SS6°0 8S6°0 <C96°0 S96°0 896°0 TL6°0 GSL6°0 B8L6'0 T86°0 ¥86°0 L86°0 T66°0 ¥66°0 L6670 000°T 0°LT
8%6°0 TS6°0 G§S6°0 896°0 T96°0 S996°0 896°0 TL6°0 ¥L6°0 8L6'0 TI86°0 ¥86°0 LB6°0 066°0 ¥%¥66°0 L6670 000°T 0°9¢
8%6°'0 T96°0 ¥56°0 8S56°0 T96°0 ¥%¥96°0 896°0 TL6°0 ¥%L6°0 LLE6E'0 T86°0 ¥86°0 LB6°0 066°0 ¥66°0 L66°0 000°T 0°gC
LY6°0 TS6°0 ¥%96°0 LS6°0 T96°0 ¥96°0 L96°0 TL6°0 P¥L6°0 LL6°0 T1TI86°0 ¥86°0 LB6°0 066°0 ¥66°0 L66°0 000°T 0°ve
LY6°0 0S6°0 ¥%S6°0 LS6°0 096°0 ¥%96°0 L96°0 TL6°0 ¥L6°0 LL6°0 086°0 ¥86°0 LB6°0 066°0 ¥66°0 L66°0 000°T 0°€C
L¥6°0 096°0 €S6°0 LS6°0 096°0 ¥%96°0 L96°0 O0L6°0 ¥L6°0 LL6°0 086°0 ¥86°0 L8670 066°0 €66°0 L6670 000°T 0-cc
9%6°0 096°0 €S6°0 LS6°0 096°0 €96°0 L96°0 0L6°0 €L6°0 LL6E'0 086°0 ¥86°0 L8B6°0 066°0 €66°0 L66°0 000°T 0°1C
9%6°0 6%6°0 €S6°0 956°0 096°0 €96°0 996°0 0L6°0 €L6°0 LL6E°0 086°0 €86°0 LB6°0 066°0 €66°0 L6670 000°T 0°0¢
S¥6°0 6%¥6°0 <TS6°0 956°0 6S6°0 €96°0 996°0 0L6°0 €L6°0 9L6°0 086°0 €86°0 LB86°0 066°0 €66°0 L6670 000°T 0°6T
S¥6°0 6%6°0 <CS6°0 996°0 6S6°0 €96°0 996°0 696°0 €L6°0 9L6°0 086°0 €86°0 LB6'0 066°0 €66°0 L6670 000°T 0°8T
S¥6°0 8%6°0 <CS6°0 SS6°0 6S6°0 <C96°0 996°0 696°0 €L6°0 9L6°0 086°0 €86°0 986°0 066°0 €66°0 L66°0 000°T 0°LT
¥¥6°0 8%6°0 TS6°0 SS96°0 8S6°0 <T96°0 996°0 696°0 <TL6°0 9L6°0 6L6°0 €86°0 986°0 066°0 €66°0 L6670 000°T 0°9T
v¥6°0 L¥6°0 1TS6°0 SS56°0 8S56°0 <C96°0 G96°0 696°0 <TL6°'0 9L6°0 6L6°0 €86°0 986°0 066°0 €66°0 L66°0 000°T 0°GT
€¥6°0 L¥6°0 TS6°0 ¥56°0 8S56°0 T96°0 S96°0 696°0 <TL6'0 9L6°0 6L6°0 €86°0 986°0 066°0 €66°0 L66°0 000°T 0°%T
€¥6°0 L¥6°0 0S6°0 ¥S56°0 8S6°0 T96°0 GS96°0 896°0 <CL6°0 GL6'0 6L6°0 €86°0 986°0 066°0 €66°0 L66°0 000°T 0°€ET
€¥6°0 9¥6°0 0S6°0 ¥S96°0 LS6°0 T96°0 S96°0 896°0 <TL6°0 SL6°0 6L6°0 C86°0 986°0 686°0 €66°0 L6670 000°T 0°CT
Z¥6°0 9%¥6°0 0S56°0 €S56°0 LS6°0 T96°0 ¥%96°0 896°0 TL6°0 GL6'0 6L6°0 <T86°0 986°0 686°0 €66°0 966°0 000°T 0°TT
Z¥6°0 9¥6°0 6%¥6°0 €S6°0 LS6°0 096°0 ¥96°0 896°0 TL6°0 GL6'0 6L6°0 Z86°0 986°0 686°0 €66°0 966°0 000°T 0°0T
Tv6°0 S¥6°0 6¥6°0 €96°0 9S6°0 096°0 ¥%96°0 L96°0 TL6°0 GL6°0 8L6°0 TB86°0 986°0 686°0 €66°0 966°0 000°T 0°6
T¥6°0 S¥6°0 6%6°0 <TS6°0 996°0 096°0 €96°0 L96°0 TL6°0 GSL6°0 8L6'0 T86°0 986°0 686°0 ¢€66°0 966°0 000°T 0°8
Tv6°0 ¥¥6°0 8%6°0 <CS6°0 9S6°0 6S6°0 €96°0 L96°0 TL6°0 ¥L6°0 8L6°0 ¢86°0 G86°0 686°0 €66°0 966°0 000°T 0" L
0¥6°'0 ¥¥6°0 8%6°0 <CS6°0 SS56°0 656°0 €96°0 L96°0 0L6°0 ¥%L6°0 8L6E'0 Z86°0 G86°0 686°0 €66°0 966°0 000°T 0°9
0¥6°'0 ¥¥6°0 L¥6°0 TS6°0 GS56°0 6S56°0 €96°0 996°0 0L6°'0 ¥L6'0 8L6'0 T86°0 G86°0 686°0 €66°0 966°0 000°T 0°g
6€6°0 €¥6°0 L¥6°0 TS6°0 SS6°0 6S6°0 <T96°0 996°0 0L6°0 ¥L6°0 8L6E'0 TB86°0 S86°0 686°0 €66°0 966°0 000°T 0°¥
6€6°0 €¥6°0 L¥6°0 TS6°0 P$S6°0 8S6°0 Z96°0 996°0 0L6°0 ¥L6°0 LL6°0 TI86°0 G86°0 686°0 €66°0 966°0 000°T 0" ¢
8€6°0 <C¥6°0 9%¥6°0 0S6°0 ¥56°0 896°0 <T96°0 996°0 0L6°0 €L6°0 LL6E'0 T86°0 G86°0 686°0 T66°0 966°0 000°T 0'¢
8€6°0 <C¥6°0 9¥6°0 0S56°0 ¥56°0 8S56°0 <C96°0 G96°0 696°0 €L6°0 LL6E'0 T86°0 G86°0 686°0 T66°0 966°0 000°T 0°T
8€6°0 <C¥6°0 9¥6°0 0S6°0 €S6°0 LS6°0 T96°0 S96°0 696°0 €L6°0 LL6E'0 T86°0 G86°0 686°0 C66°0 966°0 000°'T 0°0
0009T 000ST 000%T O000ET 000ZT OOOTT 0000T 0006 0008 000L 0009 000Ss 000% 000¢€ 000¢ 000T 0 Do
SNTST9) So92169p Gz e I9383wTjusad Iad SUSWSTSOIDTW UT ‘A3TATIONPUOD duay,

[8]ge1 s1ys Jo pus
8yl 1B UMOYS aJe snis|e) saa1Bap Gg 01 OF 18 S10108) UOI181I00 ANulles ‘snis|a) seaibBap ul ainiesadwal ‘9, dwa] “(0/6L) SSISM 4°H Wou4]

(ANARDNPUOD UO paseq) Ja1em Ul USBAXO PAAJOSSIP 10} S1010e) UOIIDaLI0D ANUleS /-7’9 3|gel

Dissolved Oxygen, Version 2.0 (5/2006)

Chapter A6. Field Measurements




DO

268°0 968°0 668°0 €06°0 906°0 606°0 €T6°0 9T6°0 6I6°0 €C6°0 9C6°0 6C6°0 €€6°0 9€6°0 6€6°0 €¥6°0 9¥%6°0 0°6C
¢68°0 G68°0 868°0 <C06°0 G06°0 606°0 <CTI6°0 ST6°0 6T6°0 <TC6°0 9C6°0 6C6°0 <CE6°0 9€6°0 6€6°0 C¥V6°0 9¥%6°0 0°8¢C
T68°0 ¥%68°0 868°0 T06°0 S06°0 806°0 TI6'0 GSI6°0 B8I6°0 2Z6°0 GSZT6'0 8Z6'0 <CTE6'0 GSE6°0 8E€E6°0 C¥6°0 S¥6°0 0°LT
068°0 ¥68°0 L68°0 T06°0 P%06°0 LO6°0 TIT6°0 ¥%TI6°0 8I6°0 TC6°0 GC6°0 8C6°0 TE6°0 S€E6°0 8E6°0 T¥6°0 G¥6°0 0°9¢
688°0 €68°0 968°0 006°0 €06°0 L06°0 O0OT6°0 ¥%I6°0 LI6°0 TZ6°0 ¥¥Z6°0 LTG0 TE6°0 ¥»E6°0 8€6°0 T¥6°0 ¥¥6°0 0°5C
688°0 Z68°0 968°0 668°0 €06°0 906°0 O0T6°0 €I6°0 LI6°0 0CT6°0 ¢€Z6°0 LT6°'0 0€6°0 ¥%E€E6°0 LEGE'O TI¥6°0 ¥¥6°0 0°vC
888°0 TI68°0 G68°0 868°0 <Z06°0 S06°0 606°0 <CI6°'0 9TI6°0 6I6°0 €C6°0 9C6°0 0€6°0 €€6°0 LE6°0 0¥V6°0 ¥¥6°0 0"€c
L88°0 T68°0 ¥68°0 868°0 T06°0 S06°0 806°0 <CI6°0 GSI6°0 6I6°0 <2C6°0 9C6°0 6C6°0 €€6°0 9€6°0 0¥6°0 €¥6°0 0°cc
988°0 068°0 €68°0 L68°0 T06°0 ©%06°0 806°0 TIT6°0 GSTI6°0 8I6°0 2C6°0 SC6°0 6C6°0 <CE6°0 9€6°0 6€6°0 €¥6°0 0°1C
988°0 688°0 €68°0 968°0 006°0 €06°0 LO06°0 TIT6°0 ¥%I6°0 8I6°0 TC6°0 GC6°0 8Z6'0 <CTE6°'0 SE€E6°0 6€E6°0 <CZ¥6°0 0°0C
G88°0 888°0 <C68°0 968°0 668°0 €06°0 906°0 O0T6°0 ¥%I6°0 LI6E'0 TC6°0 %C6°0 8Z6'0 TE6°0 GSE6°0 8E6E'0 <C¥6°0 0°6T
¥88°0 888°0 T68°0 S68°0 668°0 <C06°0 906°0 606°0 €I6°0 LI6E°0 0C6°0 ¥C6°0 LC6°0 TE6°0 ¥E6°0 8E6°0 <C¥6°0 0°8T
€88°0 880 T68°0 ¥68°0 868°0 T06°0 S06°0 606°0 <CI6'0 9I6°0 0C6°0 €C6°0 LZ6°0 0€6°0 ¥%E€E6°0 8E6'0 T¥6°0 0°LT
¢88°0 988°0 068°0 €68°0 L68°0 T06°0 ¥%06°0 806°0 <CI6°0 SI6°0 6T6°0 €T6°0 9C6°0 0€6°0 ¥E6°0 LEG'O0 T¥6°0 0°9T
¢88°0 G88°0 688°0 €68°0 968°0 006°0 %06°0 L06°0 TI6°0 GSI6°0 8I6°0 <2C6°0 926°0 6Z6°0 €€6°0 LEE'O0 0¥%6°0 0°ST
T88°0 ¥88°0 888°0 ¢68°0 968°0 668°0 €06°0 LO6°0 TI6°0 ¥%I6°0 8T6°0 <CZ6°0 GZ6°0 6C6°0 €€6°0 9€6°0 0¥6°0 0°"%T
088°0 ¥88°0 L88'0 T68°0 S68°0 668°0 <206°0 906°0 O0TI6°0 ¥I6°0 LTI6°0 TC6°0 GSC6°0 8C6°0 <CTE6°0 9€6°0 6€6°0 0" €T
6L8°0 €88°0 L88°0 068°0 ¥68°0 868°0 <C06°0 906°0 606°0 €TI6°0 LTI6°0 0CZ6°0 ¥%Z6°0 8C6°0 <CE€6°0 G€E6°0 6€6°0 0°2T
8L8°0 ¢88°0 988°0 068°0 ¥68°0 L68°0 T06°0 S06°0 606°0 <CI6°0 9T6°0 0C6°0 ¥%C6°0 LT6°0 TE6°0 S€E6°0 6€6°0 0°'TT
LL8°0 T88°0 G988°0 688°0 €68°0 L68°0 006°0 ¥%¥06°0 806°0 <CI6'0 9TI6°0 6T6°0 €Z6°0 LT6°0 TE€E6°0 ¥%E6°0 8E6'O0 0°0T
LL8°0 088°0 ¥88°0 888°0 Z68°0 968°0 006°0 ¥%¥06°0 LO6°0 TI6E'0 GI6°0 6T6°0 €Z6°0 9Z6°0 0€6°0 ¥%E6°0 8E6'O0 0°6
9L8°0 088°0 ¥88°0 L88°'0 T68°0 S68°0 668°0 €06°0 LO6°0 TI6"0 ¥I6°0 B8T6°0 <CC6°0 9C6°0 0€6°0 ¢€€6°0 LE6'O 0°8
GL8°0 6L8°0 €88°0 L88'0 T68°0 ¥68°0 868°0 <C06°0 906°0 O0TI6°0 PI6°0 8I6°0 <CZ6°0 GSZ6°0 6Z6°0 €€6°0 LEG'O 0L
¥L8°0 8L8°0 Z88'0 988°0 068°0 ¥68°0 868°0 <C06°0 S06°0 606°0 ¢€T6°0 LTI6°0 TC6°0 SC6°0 6Z6°0 ¢€€6°0 9€6°0 0°9
€.8°0 LLB'0 T88°0 988°0 688°0 €68°0 L68°0 T06°0 G06°0 606°0 €I6°0 LI6°0 0C6°0 ¥%¥Z6°0 8Z6°0 <CTE6°0 9€6°0 0°g
¢L8°0 9L8°0 088°0 ¥88°0 888°0 ¢68°0 968°0 006°0 ¥%06°0 806°0 <ZI6°0 9I6°0 0C6°0 ¥¥Z6°0 8Z6°0 <TE6°0 GE6°0 0¥
TL8°0 SLB'0 6L8°0 €88°0 L8800 T68°0 GS68°0 668°0 €06°0 LO06°0 TITI6°0 ST6°0 6T6°0 €C6°0 LT6°0 TE6°0 S€6°0 0°¢
T,L8°0 GL8°0 6L8°0 €88°0 L88°0 T1T68°0 G68°0 668°0 €06°0 LO06°0 TI6'0 GI6°0 6T6°0 €Z6°0 LT6°0 TE6°0 GE6°0 0°2
0L8°0 ¥%L8°0 8LB'0 Z88'0 988°0 068°0 ¥68°0 868°0 <TO06°0 906°0 O0TI6°0 ¥%I6°0 8I6°0 <TZ6°0 9C6°0 0€6°0 ¥E6°0 0°T
698°0 €L8°0 LL8°0 T1I88°0 S88°0 688°0 €68°0 L68°0 TO06°0 S06°0 O0T6°0 ¥%¥T6°0 8TI6°0 <TZ6°0 9C6°0 0€6°0 ¥E6°0 0°0
000€E€ 000Ztc 000TE 0000€E 0006 0008 000LZ 0009C 000SC 000%CZ 000€ZT 000CZ O0OO0OTZ 0000C 0006T O0O008T O0O0O0LT Do
SNTST9) so2169p Gz 1€ I93awTiued i1ad SUSWSTSOIDTW UT ‘A3TATIONPUO) dua L,

panuizuo)—(A}IAIIdNPUOD UO Pased) Jalem Ul USBAXO PAAJOSSIP 10} S1010.) UOIIIAII0D ANUlleS “/-7'9 d|gel

U.S. Geological Survey TWRI Book 9

Dissolved Oxygen, Version 2.0 (5/2006)

42



DO—43

Dissolved Oxygen, Version 2.0 (5/2006)

v€8'0 L€8B'O0 TI¥P8'0 ¥¥8°0 8%8°0 TS8°0 ¥S8°0 898°0 T98°0 S98°0 898°0 <2L8°0 GL8'0 6L8°0 <880 988°0 68870 0°62
€80 9€8°0 6€8°0 €¥B8'0 9%¥8°0 0S8°0 €98°0 LS8°0 098°0 ¥%98°0 L98°0 TLB8'0 ¥L8°0 8L8'0 TI88°0 S88°0 88870 0°8¢
TE€E8'0 S€B8°0 8€8°0 <Z¥8°0 S¥8°0 6¥8°0 €98°0 998°0 098°0 €98°0 L98°0 0L8°0 ¥%L8'0 LLB'O 088°0 ¥88°0 L8880 0°LZ
0€8°0 ¥€8°0 LEB'O T¥8°0 P¥¥8°0 8%¥8°0 <98°0 GSS98°0 6598°0 <T98°0 998°0 698°0 €L8°0 9L8°0 088°0 €88°0 L8B 'O 0°9¢
628°0 €€8°0 9€¢8°0 0%¥8°0 ¢€¥8°0 L¥8°0 TS8°'0 ¥%S8°0 8S8°0 T98°0 G98°0 898°0 <CLB8'0 GLB'O 6L8°0 Z88°0 98870 0°s2
8Z8°0 <CE€8'0 S€B8'0 6€8°0 <Z¥8°0 9%8°0 098°0 €S8°0 LS80 098°0 ¥98°0 L98°0 TL8'0 ¥L8'0 8LB8'0 T88'0 G88°0 0°%2
LZ8°0 0€8°0 P$€8°0 8€8°0 1I¥8°0 S¥8°0 6¥8°0 <TS8°0 9S8°0 658°0 €98°0 998°0 0L8'0 ¥LB8'0 LLB'O0 T1I88°0 ¥88°0 0°€c
92¢8°'0 6Z8°0 €€8°0 LE€B'O0 0%¥8°0 ¥¥8°0 8%8°0 TIS8°0 GS8°0 8980 <Z98°0 998°0 698°0 €L8'0 9L8°0 0880 ¥88°0 0-ce
GZ8'0 8Z8'0 <TEB'O 9€B'0 6€8°0 €¥8°0 9%¥8°0 098°0 ¥98°0 LS80 T98°0 998°0 898°0 <CTLB8'0 9LB8°0 6LB°0 €88°0 0°TC
€28°0 LZ8'0 T€EB8'0 ¥%E€B8'0 8€8'0 <Z¥8°0 S¥8°0 6¥8°0 €980 998°0 098°0 ¥98°0 L98°0 TIL8'0 SLB8'0 8LB'O Z88'0 0°02
¢z8'0 9Z8°0 0€8°0 €€8°0 LE€B'0 TI¥8°0 ¥¥8°0 880 <TS8°0 SGS8°0 6S8°0 €98°0 L98°0 0L8'0 ¥L8'0 LLB'O T88°0 0°6T
TZ8°0 S¢8'0 6C8°0 <C€8°0 9€8°0 O0¥8°0 €¥8°0 L¥8°0 TS8°0 958°0 898°0 <C98°0 998°0 698°0 €L8°0 LL8'0 08870 0°8T
0Z8°0 ¥Z8°0 LCB'0 TE€8'0 S€B°'0 6€8°0 <Z¥8°0 9%¥8°0 0S8°0 ¥S8°0 LS8°0 T98°0 S998°0 898°0 <TLB'O0 9L8°0 6L8°0 0°LT
6T8°0 <2¢B8'0 9¢8°0 0€8°0 ¥€8B'0 8€EB'0 TI¥PB8'0 GS¥8°0 6%¥8°0 €S8°0 958°0 098°0 ¥%¥98°0 L98°0 TLB8'0 GL8°0 6L8°0 0°9T
LT8°0 TZ8'0 SZB'0 6Z8°0 €€8°0 9¢8°0 O0¥8°0 ¥¥8°0 8%8°0 <TS8°0 S9S98°0 698°0 €98°0 L98°0 0LB8'0 ¥LB'0 8LB8'O 0°ST
9T8°0 0C8°0 ¥%C8'0 8C8'0 <CE€B'0 SEB'0 6€8°0 €¥8°0 L¥B8°0 TSB8°0 ¥S8°0 8980 <T98°0 998°0 698°0 €L8°0 LLB O 0°vT
GT8°0 6T8°0 €Z8°0 LZB'0 0€8°0 %€8°0 8€8'0 <C¥PB8'0 9%¥8°0 0S98°0 €S8°0 LS8°0 T98°0 S98°0 698°0 <CTLB'O0 9L8'0 0"€T
¥I8°0 8T8°0 <ZZ8'0 S¢8'0 6C8°0 ¢€€8°0 LEB'0 T¥8°0 S¥8°0 6¥8°0 <2S8°0 958°0 098°0 ¥¥98°0 898°0 TLB8'0 GSL8 0O 02T
€T8°0 LT8°0 0Z8°0 ¥%¢8'0 8CB8'0 <2€8°0 9€8°0 O0¥8°0 ¥¥8°0 8%¥8°0 TS8°0 9S8°0 6S8°0 €98°0 L98°0 TLB'0 ¥LB8'0 0°TT
TI8°0 SI8'0 6TI8°0 €Z8'0 LT8O TE€8'0 S€B8'0 6€8°0 €¥8°0 9%¥8°0 0S8°0 ¥98°0 8S8°0 <T98°0 998°0 0LB'0 ¥LB8'O 0°0T
0T8°0 ¥%I8°0 8TI8°'0 <CC8'0 9¢8°0 0€8°0 ¥E€E8'0 8E8B'0 <C¥8°0 S¥B8°0 6¥8°0 €S8°0 LS80 T98°0 S98°0 698°0 €L8'0 0°6
608°0 €I8°0 LTI8°0 TC8°0 SZ8'0 6Z8°0 €€8°0 LEB'O 0%¥8°0 ¥¥8°0 8%¥8°0 <CS8°0 998°0 098°0 ¥98°0 898°0 <TLB8'O 0°8
808°0 <ZT8°0 9T8°0 0¢8'0 ¥¢B'0 8ZB8'0 TEB'0 S€8'0 6€8°0 €¥8°0 L¥8°0 TS8'0 S998°0 6S8°0 €98°0 L9800 TL8 O 0L
908°0 0T8°0 ¥%I8°0 8I8°0 Z¢B8°0 9¢8°0 0€8°0 ¥¥€EB'0 8E€EB'0 <C¥8°0 9%8°0 0S8°0 ¥S8°0 898°0 <C98°0 998°0 0L8'0 0°9
S08°0 608°0 €T8°0 LI8'0 TZB'0 SZ8'0 6C8°0 €€8°0 LE€B'0 TI¥B8°0 S¥8°0 6%¥8°0 €98°0 LSB8'0 T98°0 998°0 698°0 0°g
¥08°0 808°0 <ZTI8'0 9I8°0 0¢B8'0 ¥Z8'0 8C8'0 <C&€8'0 9¢8°'0 O0O¥8°0 ¥¥8°0 8%¥8°0 <CS8°0 998°0 098°0 ¥98°0 898°0 0%
€08°0 L08°0 TTI8°0 SI8°0 6TI8°0 €C8°0 LZ8'0 T€EB'0 S€E€EB'0 6€8°0 €¥8°0 L¥8°0 TS8°0 G98°0 698°0 €98°0 L98°0 0" ¢
T08°0 S08°0 608°0 P%I8°0 8TI8'0 <CZB'0O 9280 0€8°0 P»€8°0 8€8°0 <C¥8°0 9%¥8°0 0S8°0 ¥%S8°0 8S8°0 Z98°0 L98°0 0'¢
008°0 %08°0 808°0 <CIB'0 9TI8°0 TC8°0 GZ8'0 6Z8°0 €€8°0 LEB'O T¥8°0 G¥8°0 6%¥8°0 €98°0 LSG8°0 <T98°0 99870 0°'T
66L°0 €08°0 L08°0 TI8°0 GSTI8°'0 6TI8°0 €ZB8'0 8ZB'0 <Z€8'0 9€8°0 O0¥8°0 ¥¥8°0 8¥8°0 <TS8°0 998°0 1T98°0 99870 0°0
00005 0006% 0008% 000L%¥ 0009% 000S¥ O000%% 000€E¥Y 000Z% O0OOT¥ 0000% 0006E 0008E 000LE 0009€ 000S€E 000%E Do
SNTSTaD so21b69p Gz e I932wTjusd 1a9d SUSWSTSOIDTW UT ‘AJTATIONPUOD dusy,

panuiluo)—(A1IAIDNPUOD UO paseq) Ja1em Ul UBAXO PAAjOSSIp 10} S101D.) UOIIILI0D ANUlleS /-7'9 3|gel

Chapter A6. Field Measurements




DO

YLL°0 LLLTO T8L'0 ¥8L'0 88L'0 T6L°0 S6L°0 86L°0 208°'0 S08°0 608°0 <¢T8°0 9I8°0 0C8°0 €Z8'0 LZB'O 0€8°0 0'6c
CLLT0 9LL'O0 6LL°0 €8L°0 98L°0 06L°0 ¥6L°0 L6L°'0 TO8°'0 %08°0 808°0 TT8°0 SI8°0 8IB'0 2¢B8'0 SC8'0 62870 0°8¢
TLLTO PLL'O0 8LL'0 T8L'0 S8L°0 68L°0 T6L'0 96L°0 66L°0 €08°0 908°0 0T8°0 ¥I8'0 LIB'O0O TZ8'0 ¥»C8'0 8Z8'O0 0°Le
69L°0 €LL'0 9LL'0O 08L'0 P¥8L'0 L8L'O0 T6L'0 ¥6L°0 86L°0 208°0 S§08°0 608°0 <CI8'0 9T8°0 0C8'0 €CB8'0 LTB'O 0°92
89L°0 TLL'O0 SLL'O0 6LL°0 TBL'O 98L'0 68L°0 €6L°0 L6L°0 008°0 ¥%08°0 808°0 TI8'0 SI8'0 8IB'0 <Z¢8'0 9280 0°S¢
99L°0 OLL'0 PLL'O0 LLL'O T8BL'0 S8BL'0 88L'0 Z6L'0 GS6L°0 66L°0 €08°0 908°0 0T8°0 ¥%I8°'0 LIB'0 TZ8'0 %280 0°v2C
S9L°0 89L°0 TLL'O0 9LL'0 6LL°0 €8BL'O LBL'O 06L°0 ¥6L°0 86L°0 T08°0 S08°0 608°0 <CI8'0 9I8°0 0C8'0 €280 0°€eC
€9L°0 L9L'O0 TLL'O0 ¥LL'O 8LL'O Z8L'0 S8L'0 68L°0 €6L°0 96L°0 008°0 ¥08°0 L0800 TI88'0 ST8'0 8IB'0 2C8'0 o'ce
C9L°0 99L°0 69L°0 €LL'O0 LLL°O 08BL'O ¥8L'0 88L'0 T6L°'0 S6L°0 66L°0 <C08°0 908°0 0TI8°0 ¥IB'0 LIB'0 TZ8'0 0°TC
09L°0 ¥9L°0 89L°0 TLL'O0 SLL'O0 6LL°0 €8BL'0 98L°0 06L°0 ¥%6L°0 L6L°0 T08°0 S08°0 608°0 <ZI8B'0 9TI8°0 0Z8°0 0°0¢
6SL°0 €9L°0 99L°0 O0LL'O0 ¥%LL'O LLLO TBL'0 S8L'0 68L°0 <T6L°0 96L°0 008°0 ¥%08°0 L0880 TIB'0 GSI8B'0 6TI8°0 0°6T
LSL*0 T9L'0 S9L°0 69L°0 CLL'O 9LL°0 08L'0 ¥8L'0 LBL'0 T6L'0 GS6L°0 66L°0 <C08°0 908°0 O0T8°0 ¥%IB8'0 LIB'O 0°8T
9SL°0 09L°0 €9L°0 L9L'0 TLL'O0 SLL'O 8LL'O 28L'0 98L°0 06L°0 ¥%6L°0 L6L°0 TO08°0 S08°0 608°0 <CI8'0 918°0 0°LT
¥SLT0 8SL°0 TOL'O0 99L°0 69L°0 €LL'O LLLTO T8L'0 S8L°0 88L'0 <T6L'0 96L°0 008°0 ¥08°0 LOB8'0 TI8'0 STI8'0 0°9T
€SL°0 9SL°0 09L°0 ¥%9L°0 89L°0 ZLL'O0 9LL'O 6LL°0 €8L'0 LBL'O T6L'0 S6L°0 86L°0 Z208°0 908°0 0T8°0 ¥I8'0 0°ST
TSL'0 SSL°0 6SL°0 €9L°0 99L°0 0OLL'O ¥LL'O 8LL'0O Z8L'0 98L°0 68L°0 €6L°0 L6L°0 TO8'0 S08°0 608°0 <CTI8'0 0°%T
0SL°0 €S9L°0 LSL'0 T9L'0 S9L°0 69L°0 €LL'O0 LLLO 08L'0 ¥%8L'0 88L'0 <C6L°0 96L°0 008°0 ¥%08°0 L0O8°0 TI8'0 0" €T
8%L°0 2SL'0 9SL°0 09L°0 €9L°0 L9L°0 TLL'O SLL'O0 6LL°0 €8L'0 L8BL'O0 T6L'0 ¥6L°0 86L°0 208°0 908°0 0T8°0 0°ctT
9%L°0 0SL°0 PSL°0 8SL'0 <T9L'0 99L°0 O0LL'O ¥PLL"O0 8LL'O0O T8L'0 S8L°0 68L°'0 €6L°0 L6L°0 T08°0 S08°0 60870 0°TT
S¥L*0 6%L°0 €SL°0 LSL'0 09L°0 ¥%9L°0 89L°0 ZLL'O 9LL'0 08L'0 ¥%8L°0 88L'0 <C6L'0 96L°0 008°0 ¥%08°0 LO08'0 0°0T
€¥L°0 L¥L°0 TSL'0 GSSL°0 6SL°0 €9L°0 L9L'0 TLLO0 SLL'O0 6LL°0 €8L'0 LBL'0O 06L°0 ©¥6L°0 86L°0 <Z08°0 90870 0°6
¢¥L"0 S¥L'0 6%L°0 €SL°0 LSL°0 T9L°0 S9L°0 69L°0 €LL'O0 LLL'O T8L'O0 S8L'0 68L°0 €6L°0 L6L°0 TO08'0 50870 08
0%L"0 ¥¥L°0 8%L°0 <CSL'0 9SL°0 09L°0 ¥9L°0 89L'0 CLL'O0 9LL'0 08L°0 ¥8L'0 88L'0 C6L'0 96L°0 008°0 %0870 0L
8€L°0 Z¥L'0 9%L°0 0SL°0 ¥%SL°0 8SL°0 <C9L°0 99L°0 O0LL'O0 ¥%LL'O0 8LL'O TBL'0 98L'0 06L°0 ¥6L°0 86L°0 Z08'0 0°9
LELTO T¥L'O0 SPL'O0 6%L°0 €SL°0 LSLTO0 T9L0 S9L°0 69L°0 €LL'O0 LLL'O T8BL'O S8L'0 68L°0 €6L°0 L6L°0 TO08°0 0§
SELT0 6€EL°0 E€PL'O0 LPL'O0 TSL'0 SSL°0 6SL°0 €9L°0 L9L'0 TLL'O SLL'O 08L'0 ¥8L'0 88L'0 Z6L°'0 96L°0 00870 0¥
€€LT0 LELTO T¥L'O0 9%L°0 0SL°0 ¥SL°0 8SL'0 TI9L'O0 99L°0 OLL'O ¥%LL'O 8LL'O TBL'O 98L°0 06L°0 ¥6L°0 86L°O0 0" ¢
CELO0 9€L°0 O0¥PL'0 ¥PL°0 8PL'0 <TSL'0 9SL°0 09L°0 ¥9L°0 89L'0 €LL'O0 LLL'O T8BL'0 S8L'0 68L°0 €6L°0 L6L'O 0'¢
0€L"0 PE€L’0 8EL'0 CTPL'O0 9%PL°0 TSL'0 SSL°0 6SL°0 €9L°0 L9L'0 TLL'O SLL'O 6LL0 €8L'0 88L'0 ¢T6L'0 96L°0 0°T
8CL°0 <CEgL'0 LEL'O TIPL'O S¥L'O0 6%L°0 €SL°0 LSL'O0 T9L'0 99L°0 OLL"O0 ¥LL'O 8LL'O Z8L'0 98L°0 06L°0 SG6L°0 0°0
000L9 00099 00059 000%9 000E€E9 000C9 000T9 00009 0006S 0008S 000LS 00095 0005 000%S 000€Ss 0002ZS 000TS Do
SNTST9) s991b9p Gz e I93swrqued I9d SUSWSTSOIDTW UT ‘AJTATIONPUOD dwsg,

panunuod—(ANAIIDNPUOD UO paseq) Ja1em Ul USBAX0 PaA|osSIp 10) S1030.) UOIIIDII0D ANUljeS */—-7'9 3|qel

U.S. Geological Survey TWRI Book 9

Dissolved Oxygen, Version 2.0 (5/2006)

44



DO—45

Z8L°0 S8L'0 68L°0 <T6L'0 96L°0 66L°0 €08°0 908°0 608°0 €I8°0 9I8°0 0CB8'0 €Z8'0 92¢8°0 0€8°0 ¢€€8'0 LEB'O 0°S¢g
T8L°0 ¥8L'0 88L'0 T6L°0 ¥6L°0 86L°0 TO08°0 S08°0 8080 <CI8'0 SI8'0 8TI8'0 ¢ZB8'0 SCB'0 6C8°0 <TE8'0 9€8°0 0"¥%¢€
6LL°0 €8L'0 98L'0 06L°0 €6L°0 L6L°0 008°0 €08°0 LO08°0 O0T8°0 ¥%I8°0 LT8O 1TIZ8'0 ¥%¥ZB'0 8C8'0 TE€8'0 ¥EB'0 0" €€
8LL"0 T8L°0 S8L'0 88L'0 <T6L°0 GS6L°0 66L°0 1<C08°0 908°0 608°0 ¢€I8°0 9I8°0 0C8'0 €ZB8'0 9¢8B°0 0€8°0 ¢€€8°0 0°c¢e
9LL*0 08L°0 €8L'0 LBL'O 06L°0 ¥6L°0 L6L°0 TO08°0 ©¥08°0 808°0 TI8'0 ST8°0 8TI8°0 <TZB8'0 SZ8'0 6C8°0 <CEB'O 0°T¢E
SLLTO0 6LL°0 TBL'O 98L°0 68L°0 €6L°0 96L°0 008°0 €08°0 L0880 0T8°0 ¥»T8°0 LIB'O0 1IC8'0 ¥C8'0 8Z8'0 TEB'O 0°0¢
000L9 00099 000S9 000%9 000€9 00029 000T9 00009 00065 00085 000LS 00095 000SS 000%S 000€ES 0002S 0O00TS Do
SNTST9) so91bop Gz e I93swrTjusd I19d SUSWSTSOIDTW UT ‘AJTATIDONPUOD dwag,
0¥8°0 €¥8°0 L¥8°0 0S98°0 €S8°0 LS80 098°0 €98°0 L98°0 0L8°0 ¥%LB8°0 LLB'0O 088°0 €88°0 L88°0 068°0 €68°0 0°§¢
6€8°0 <CZ¥8°0 9%¥8°0 6¥8°0 <ZS8°0 958°0 6S98°0 €98°0 998°0 698°0 €LB8'0 9L8°0 6L8°0 €88°0 988°0 688°0 €68°0 0°¥ve
g8eg'0 T¥8°0 S¥8°0 8%¥8°0 TS8O0 SS8°0 8S8°0 <298°0 S98°0 898°0 <CL8'0 GSLB'O 6L8°0 ¢88'0 S88°'0 688°0 6870 0" ¢€g
Le8"0 0%¥8°0 ¥¥8°0 L¥8°0 TIS8°0 ¥S8°0 LS8°0 T98°0 ¥98°0 898°0 TL8'0 ¥»L8°0 8L8°0 1I88°0 ¥88°0 888°0 T68°0 0°¢e
9¢8°0 6€8°0 €¥8°0 9%¥8°0 0S8°0 €S8°0 958°0 098°0 €98°0 L98°0 0LB'0 €L8'0 LLB8'0 088°0 ¥88°0 L8880 068°0 0°T¢e
S€8°0 8€8°0 <CPB8'0 S¥8°'0 6%¥8°0 <S80 S58°0 65S8°0 T98°0 998°0 698°0 €L8°0 9L8°0 6L8°0 €880 988°0 06870 0°0¢€
00005 0006% 0008% 000L¥ 0009% 000S%¥ O000%%¥ 000€¥ 000CZ%¥ O0O0O0T¥ 0O000% 0006E€ 0008€ 000LE 0009¢ 000S€ 000F%E Do
SNTST9) sS991bop Sz e I9j3awTquad Io2d SUSWSTSOIDTW UT ‘AJTATIONPUOD dwsr
L68°0 006°0 €06°0 906°0 O0TI6°0 €TI6°0 9T6°0 6T6°0 €C6°0 9C6°0 6Z6°0 <CE€6°0 SE€6°0 6€6°0 <C¥6°0 S¥P6°0 8%6°0 0°S¢e
968°0 668°0 €06°0 906°0 606°0 <CI6'0 9TI6°0 6T6°0 <TZ6°0 SCT6'0 6C6°0 <Ce6°0 GS€6°0 8E6°0 TI¥6°0 S¥6°0 8%6°0 0°%e
S68°0 668°0 <206°0 S06°0 806°0 <CI6°0 GST6°0 8T6°0 ¢2C6°0 SC6°0 8Z6'0 TE6°0 S€6°0 8€6°0 TI¥6°0 ¥¥6°0 LP6°0 0°€g
S68°0 868°0 TO06°0 GS06°0 806°0 TI6'0 ¥%I6°0 8T6°0 1IC6°0 ¥C6°0 8Z6°0 TE€E6°0 ¥E6°0 LE6'O0 TI¥6°0 ¥¥P6°0 L¥6°0 0°2¢
¥68°0 L68°0 TO06°0 ¥06°0 L06°0 TI6'0 ¥I6°0 LTI6°0 0C6°0 ¥C6°0 LZ6'0 0€6°0 ¥E€E6°0 LEG'O0 O0O¥V6°0 €¥6°0 L¥6°0 0°'TE
€68°0 968°0 006°0 ¢€06°0 L06°0 O0OTI6°0 €T6°0 LTI6°0 0C6°0 €C6°0 LZ6'0 0€6°0 €€6°0 9€6°0 O0¥V6°0 €¥6°0 9¥6°0 0°0¢€
0oo€e 000Ce 000TE 0000E 0006Z 0008C 000LZT 00092 000SZ 000¥C 000€Z 000CZ 000TC 0000C 0006T 0008T O0O0OLT o)
SNTST9) S991bap Gz e I93swTiusd Iad SUSWSTSOIDTW UT ‘AJTATIONPUOD dus L,
TS6°0 ¥S6°0 LS6°0 T96°0 %¥96°0 L96°0 0L6'0 €L6°0 9L6°0 6L6°0 <T86°0 S86°0 886°0 T66°0 ¥66°0 L66°0 000°T 0°9¢€
TS6°0 ¥S6°0 LS6°0 096°0 €96°0 L96°0 0L6"0 €L6°0 9L6°0 6L6°0 TB86°0 986°0 886°0 T66°0 ¥66°0 L66°0 000°T 0"¥%¢e
TS6°0 ¥S6°0 LS6°0 096°0 €96°0 996°0 696°0 €L6°0 9L6°0 6L6°0 <T86°0 986°0 886°'0 T66°0 ¥66°0 L66°0 000°T 0" €€
0S6°0 €S6°0 LS6°0 096°0 €96°0 996°0 696°0 <CL6°0 GL6°0 6L6°0 <T86°0 986°0 886°'0 T66°0 ¥66°0 L66°0 000°T 0°c¢
056°0 €S56°0 9S6°0 6S6°0 €96°0 996°0 696°0 <CZL6°0 SL6'0 8L6'0 <T86°0 GS86°0 886°0 T66°0 ¥66°0 L66°0 000°T 0°T¢e
0S6°0 €S56°0 9S56°0 6S6°0 T96°0 996°0 696°0 <2L6°0 SL6'0 8L6'0 TI86°0 GS86°0 886°0 T66°0 ¥66°0 L6670 000°T 0°0¢
0009T 000ST 000%T 000€T 000CZT O0OOTT 0000T 0006 0008 000L 0009 000§ 000% 000¢€ 000¢ 000T 0 Do
SNTIST9) S92Ib9p Gz 3e I93swTiusd xod SUSWSTSOIDTW UT ‘A3JTATIONPUOD dwsg,

panuiIuo)—(A1AIIDNPUOD UO Paseq) Ja1em Ul UaBAXO PAAJOSSIP 10} S101D.) UOIIDBLI0D ANUleS */-7'9 d|gel

Dissolved Oxygen, Version 2.0 (5/2006)

Chapter A6. Field Measurements




46—DO

SELECTED REFERENCES

American Public Health Association, 2005, Standard methods for the
examination of water and wastewater (21st ed.): Washington, D.C., American
Public Health Association, American Water Works Association, and Water
Environment Federation, p. 4-136 to 4-137, http://www.standardmethods.org/.

ASTM International, 2006, D888-05 standard test methods for dissolved oxygen
in water: accessed May 17, 2006, at
http://www.astm.org/cgi-bin/SoftCart.exe/DATABASE.CART/REDLINE_PA
GES/D888.htm?L+mystore+zmtx 1699

ASTM International, 2005, D5543-94 (2005) standard test methods for low-level
dissolved oxygen in water: accessed May 15, 2006, at
http://www.astm.org/cgi-bin/SoftCart.exe/DATABASE.CART/REDLINE_PA
GES/D5543.htm?L+mystore+aaam(0310.

Brown, Eugene, Skougstad, M.W., and Fishman, M.J., 1970, Methods for
collection and analysis of water samples for dissolved minerals and gases:
U.S. Geological Survey Techniques of Water-Resources Investigations,
book 5, chap. Al, p. 126-129.

CHEMetrics, Inc., 2006, Oxygen, dissolved: accessed May 15, 2006, from
http://www.chemetrics.com/catalogpdfs.html.

Gilbert, T.W., Behymer, T.D., Castaneda, H.B., March 1982, Determination of
dissolved oxygen in natural and wastewaters: American Laboratory,
p. 119-134.

Hach Company, Hach LDO technology—real-world FAQ: accessed September
27,2005 at
http://www.hach.com/hc/view.document.only.invoker/View=HTML_LDO_R
EALWORLD_FAQ/NewLinkLabel=Hach+LDO+Technology:+Real-
World+FAQ/PREVIOUS_BREADCRUMB_ID=HC_SEARCH_KEYWORD
/SESSIONID|ATBwTU 1URX10emMwTmpVek9UazJNeVpuZFdWemRFVI]
dXQT09QQ==

Hem, J.D., 1985, Study and interpretation of the chemical characteristics of
natural water (3d ed.): U.S. Geological Survey Water-Supply Paper 2254,

p- 155-156.

In-Situ Inc., Multi-parameter water quality Troll®9500, accessed April 29, 2006
at http://www.in-situ.com/In-Situ/Products/TROLL9500/TROLL9500.html.

Kane, J.A., Improved optical sensor for monitoring dissolved oxygen, in NASA
Tech Briefs, KSC-11998, accessed September 27, 2005, at
http://www.nasatech.com/Briefs/Nov99/KSC11998.html.

Skougstad, M.W., Fishman, M.J., Friedman, L.C., Erdmann, D.E., and Duncan,
S.S., eds., 1979, Methods for determination of inorganic substances in water
and fluvial sediments: U.S. Geological Survey Techniques of Water-Resources
Investigations, book 5, chap. Al, 626 p.

Dissolved Oxygen, Version 2.0 (5/2006) U.S. Geological Survey TWRI Book 9



DO—47

U.S. Geological Survey, 1979, Analytical methods—recommended
procedures for calibrating dissolved oxygen meters: Quality of
Water Branch Technical Memorandum 79.10, accessed March 17,
2006, at http://water.usgs.gov/admin/memo/QW/qw79.10.html.

U.S. Geological Survey, 1981, Water quality—new tables of dissolved
oxygen saturation values: Quality of Water Branch Technical
Memorandum 81,11, accessed March 17, 2006, at
http://water.usgs.gov/admin/memo/QW/qw81.11.html.

U.S. Geological Survey, variously dated, National field manual for the
collection of water-quality data: U.S. Geological Survey
Techniques of Water-Resources Investigations, book 9, chaps. Al-
A9, available online at http://pubs.water.usgs.gov/twri9A.

Wagner, R.J., Boulger, Jr., R-W., Oblinger, C.J., and Smith, B.A.,
2006, Guidelines and standard procedures for continuous water-
quality monitors — station operation, record computation, and data
reporting: U.S. Geological Survey Techniques and Methods 1-D3,
available online only at http://pubs.water.usgs.gov/tm1D3.

Weiss, R.F., 1970, The solubility of nitrogen, oxygen and argon in
water and seawater: Deep Sea Research, v. 17, p. 721-735.

White, A.F., Peterson, M.L., and Solbau, R.D., 1990, Measurement
and interpretation of low levels of dissolved oxygen in ground
water: Ground Water, v. 28, no. 4, p. 584-590.

Wood, W.W., 1981, Guidelines for collection and field analysis of
ground-water samples for selected unstable constituents: U.S.

Geological Survey Techniques of Water-Resources Investigations,
book 1, chap. D2, p. 22-24.

Chapter A6. Field Measurements Dissolved Oxygen, Version 2.0 (5/2006)



48—DO

ACKNOWLEDGMENTS

This National Field Manual responds to advances in technology and
science and to the developing needs for water-quality monitoring. Its
aim is to provide scientifically sound guidance to USGS personnel and
to document USGS requirements for collecting water-quality data. As
a result, the expertise of numerous scientists has been tapped in devel-
oping this manual and keeping it current. A great debt of gratitude is
owed to the following original authors, editors, and reviewers of Chap-
ter A6, Section 6.2 of this field manual: E.A. Ciganovich, .M. Collies,
J.V. Davis, C.M. Eberle, R.T. Iwatsubo, B.B. Palcsak, K.A. Pearsall,
D.B. Radtke, D.A. Sherwood, A.H. Welch, F.D. Wilde, A.E. White,
Chester Zenone, and the analysts of the USGS National Water Quality
Laboratory.

Improvements to the technical quality of this revision to Section 6.2,
Dissolved Oxygen, can be attributed to the expertise and conscientious
efforts of technical reviewers Jacob Gibs, J.A. Kingsbury, and S.C.
Skrobialowski. Special appreciation is extended to the scientists from
the Hach, In-Situ Inc., and YSI Inc. companies, who were generous
with their time and expertise in explaining luminescent-sensor technol-
ogy. The editorial and production quality of this report is a credit to
.M. Collies and L.J. Ulibarri. Thanks go to F.D. Wilde, managing edi-
tor of the National Field Manual, for maintaining the integrity of the
technical and publication process.

Dissolved Oxygen, Version 2.0 (5/2006) U.S. Geological Survey TWRI Book 9



	DISSOLVED OXYGEN 6.2
	AMPEROMETRIC AND 6.2.1 LUMINESCENT-SENSOR METHODS
	6.2.1.A EQUIPMENT AND SUPPLIES
	Before each field trip:
	6.2.1.B CALIBRATION
	One-point and two-point calibrations
	Correction for atmospheric pressure and salinity
	Calibration procedures
	Procedure 1-Air-calibration chamber in air
	Procedure 2-Calibration with air-saturated water
	Procedure 3-Air-calibration chamber in water
	MEASUREMENT 6.2.1.C
	Follow the 7 steps below to measure DO in surface water:
	Follow the steps below to measure DO in ground water:
	6.2.1.D TROUBLESHOOTING (AMPEROMETRIC INSTRUMENTS)
	SPECTROPHOTOMETRIC METHOD 6.2.2
	EQUIPMENT AND SUPPLIES 6.2.2.A
	6.2.2.B CALIBRATION AND INTERFERENCES
	MEASUREMENT 6.2.2.C
	Follow the 8 steps below to measure DO using the spectrophotometric method:
	IODOMETRIC (WINKLER) 6.2.3 METHOD
	6.2.3.A EQUIPMENT AND SUPPLIES
	MEASUREMENT 6.2.3.B
	REPORTING 6.2.4
	CORRECTION FACTORS FOR 6.2.5 OXYGEN SOLUBILITY AND SALINITY
	SELECTED REFERENCES
	ACKNOWLEDGMENTS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


