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DR/4000
PROCEDURE

COPPER

Method 8143

Powder Pillows

Porphyrin Method*
(0to 210.0 pug/L)

Scope and Application: For water, wastewater and seawater; digestion isrequired for determining total copper.
See SECTION 2 for digestion procedure. The estimated detection limit for program number 1720 is 1.4 mg/L Cu.

* Adapted from Ishii and Koh, Bunseki Kagaku, 28, 473 (1979)

HACH
PROGRAM

WEE)

1. Pressthe soft key
under HACH PROGRAM.

Select the stored program
for porphyrin copper by
pressing 1720 with the
numeric keys.

Press: ENTER

Note: If samples cannot be
analyzed immediately, see
Sample Collection, Storage
and Preservation following
these steps. Adjust the pH of
preserved samples before
analysis.

Note: The Flow Cell and
Sipper Modules can be used
for this procedure. Use a
25-mL sample and reagents
with the Flow Cell Module.

HACH PROGRAM:1720
Copper, Porphyrin

2. Thedisplay will show:

HACH PROGRAM: 1720
Copper, Porphyrin

The wavelength (1),
425 nm, is automatically
selected.

Note: For best results,
determine a reagent blank
for each new lot of reagent
as follows. Prepare a
reagent blank by repeating
Steps 3 through 10, using
copper-free deionized water
as the sample. Zero the
instrument on deionized
water by pressing the soft
key under ZERO. Insert the
reagent blank and the blank
value will be displayed.
Correct for the reagent blank
by pressing the soft keys
under OPTIONS, (MORE), and
then BLANK:OFF. Enter the
reagent blank value and
press ENTER. Repeat for
each new lot of reagent.

i

3. Fill two sample cells
with 10 mL of sample.

Note: Wash all glassware
with detergent. Rinse with
tap water. Rinse again with
1:1 Nitric Acid Solution.
Rinse a third time with
copper-free, deionized
water.

Note: For proof of accuracy,
use a 150 pg/L copper
standard solution
(preparation given in the
Accuracy Check section) in
place of the sample.

Note: For non-preserved
samples with extreme pH
see Interferences section.

4. Add the contents of
one Copper Masking
Reagent Powder Pillow to
one of the sample cdlls (the
blank). Swirl to dissolve.
Note: The sample cell

without masking agent is the
prepared sample.
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COPPER, continued

i

5. Add the contents of
one Porphyrin 1 Reagent
Powder Pillow to each
sample cell.

Swirl to dissolve.

ZERO

N\

9. Pressthe soft key

under ZERO.
The display will show:
0.0 ug/L Cu

Note: If you are using a
reagent blank correction, the
display will show the
correction.

Note: For alternate
concentration units,

press the soft key under
OPTIONS. Then press the
soft key under UNITS to scroll
through the available
options. Press ENTER to
return to the read screen.

) &) START
TIMER

7. Pressthe soft key
under START TIMER.

A 3-minute reaction
period will begin.

6. Add the contents of
one Porphyrin 2 Reagent
Powder Pillow to each
sample cell.

Swirl to dissolve.

Note: The yellow color will
turn blue momentarily. If any
copper is present, the
sample will return to yellow.

10. Placethe prepared
sampleinto the cell holder.
Closethelight shield.
Resultsin pg/L copper (or
chosen units) will be
displayed.

Note: If samples with high
levels of metal are analyzed,
a slight metallic deposit or
yellow buildup may appear
on the sample cell wall.
Remove by washing as
recommended in Step 3.

8

ST

8. When thetimer beeps,
place the blank into

the cell holder. Close the
light shield.
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COPPER, continued

| nterferences
The following may interfere when present in concentrations exceeding the levels
listed below.
Table 1 Interfering Substances and Suggested Treatments
Interfering Substance Interference Levels and Treatments
Aluminum, AI3*+ 60 mg/L
Cadmium, Cd2+ 10 mg/L
Calcium, Ca2+ 1500 mg/L
Chelating agents Interfere at all levels unless either the Digesdahl or vigorous digestion is
performed (see Section 2).
Chloride, ClI- 90,000 mg/L
Chromium, Cré+ 110 mg/L
Cobalt, Co2+ 100 mg/L
Fluoride, F- 30,000 mg/L
Iron, Fe2+ 6 mg/L
Lead, Pb2+ 3 mg/L
Magnesium 10,000 mg/L
Manganese 140 mg/L
Mercury, Hg2* 3 mg/L
Molybdenum 11 mg/L
Nickel, Ni2+ 60 mg/L
Potassium, K+ 60,000 mg/L
Sodium, Na* 90,000 mg/L
Zing, Zn2* 9 mg/L
Highly buffered samples or May exceed the buffering capacity of the reagents and require sample
extreme sample pH pretreatment; (see Section 1.3.1 pH Interferences.)

Sample Collection, Storage and Preservation

Accuracy Check

Collect samplesin acid-washed plastic bottles. To preserve, adjust the pH to 2

or lesswith nitric acid (about 5 mL per liter). Store preserved samples up to six
months at room temperature. Before testing, adjust the pH of the preserved sample
to between 2 and 6. If the sample istoo acidic, adjust the pH with 5.0 N Sodium
Hydroxide Standard Solution. Correct test results for volume additions; see
Section 1.2.2 Correcting for Volume Additions.

Standard Additions M ethod

a. Prepare a4000-ug/L copper standard by adding 4.00 mL Copper Standard
Solution, 100.0-mg/L, to a 100-mL volumetric flask. Dilute to 100 mL
with copper-free deionized water.

b. Leavethe unspiked samplein the sample cell compartment. Verify that the
unitsdisplayed arein pg/L. Select standard additions mode by pressing the
soft keys under OPTIONS, (MORE) and then STD ADD.

C. PressENTER to accept the default sample volume (mL), 10.
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COPPER, continued

d. PressENTER to accept the default standard concentration (ug/L), 4000.
e. Pressthe soft key under ENTRY DONE.

f. Fill eight sample cellswith 10 mL of sample. Use the TenSette Pipet to
add 0.1 mL of Copper Standard Solution, 4000-ug/L Cu, to two of the
sample cells. Then pipet 0.2 mL of the standard solution into two more
cells. Finaly, pipet 0.3 mL of the standard solution into two more cells.

g. Analyze each standard addition sample as described above, using one
of the two spiked samples in each set as the blank. Accept the standard
additions reading by pressing the soft key under READ each time.

The copper concentration reading should reflect approximately
100% recovery.

h. After completing the sequence, the display will show the extrapolated
concentration value and the “best-fit” line through the standard additions
data points, accounting for matrix interferences.

i. SeeSection 1.4.1 Sandard Additions for more information.

Standard Solutions M ethod

To assure the accuracy of thetest, prepare a150-pg/L copper standard by pipetting
15.00 mL of Copper Standard Solution, 10.0-mg/L Cu, into a 1000-mL volumetric
flask. Dilute to the mark with copper-free, reagent-grade water. Prepare this
solution daily. Perform the copper procedure as described above.

To adjust the calibration curve using the reading obtained with the 150 ug/L
standard solution, press the soft keys under OPTIONS, MORE then STD: OFF. Press
ENTER to accept the displayed concentration, the value of which depends on the
selected units. If an aternate concentration is used, enter the actual concentration
and press ENTER to return to the read screen. See Section 1.5.5 Adjusting the
Sandard Curve for more information.

M ethod Performance

Precision
Standard: 150 pg/L Cu

Program 95% Confidence Limits

1720 149.2-150.8 pg/L Cu

For more information on determining precision data and method detection limits,
refer to Section 1.5.

Estimated Detection Limit

Program EDL
1720 1.4 pg/L Cu

For more information on derivation and use of Hach’s estimated detection limit,
see Section 1.5.2. To determine a method detection limit (MDL) as defined by the
40 CFR part 136, Appendix B, see Section 1.5.1.

COPPER
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COPPER, continued

Sensitivity
Program Number: 1720
Portion of Curve: AAbs AConcentration
Entire Range 0.010 1.4 pg/L Cu

See Section 1.5.3 Sensitivity Explained for more information.

Calibration Standard Preparation
To perform a copper calibration using the porphyrin method, prepare a 1000-pg/L
copper stock solution by pipetting 10 mL of a100-mg/L Copper Standard Solution
(Cat. No. 128-42) into a 1000-mL volumetric flask using Class A glassware.
Dilute to the mark with deionized water and mix thoroughly.

Prepare calibration standards containing 20.0, 40.0, 80.0, 120.0, 160.0, 200.0 and
240.0 yg/L Cu asfollows:

a. Into seven different 100-mL Class A volumetric flasks, pipet 2.00, 4.00,
8.00, 12.00, 16.00, 20.00 and 24.00 mL of the 1000-pg/L Cu stock
solution using Class A glassware.

b. Diluteto the mark with deionized water, stopper and mix thoroughly.

c. Using the porphyrin method and the calibration procedure described in the
User-Entered Programs section of the DR/4000 Spectrophotometer
Instrument Manual, generate a calibration curve from the standards
prepared above.

Summary of Method
The porphyrin method is very sensitive to trace amounts of free copper. The
method is free from most interferences and does not require any sample extraction
or concentration before analysis. Interferences from other metals are eliminated by
the copper masking reagent. The porphyrin indicator forms an intense, yellow-
colored complex with any free copper present in sample.

Safety

Good safety habits and laboratory techniques should be used throughout the
procedure. Consult the Material Safety Data Sheet for information specific to the
reagents used. For additional information, refer to Section 1.

Pollution Prevention and Waste M anagement
For information on pollution prevention and waste management, refer to Section 1.

COPPER
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COPPER, continued

REQUIRED REAGENTSAND STANDARDS

Copper Reagent Set (100 TESES) ....cvevviireiieieieesieseeeesestese st e saestesresreeeestesresreeaeseesresneeneenes
Includes: (1) 26034-49, (2) 26035-49, (2) 26036-49

Quantity Required
Description per test Unit
Copper Masking Reagent Powder Pillows..........cccccveeeveveciennne. 1pillow............ 100/pkg
Porphyrin 1 Reagent Powder PIIOWS..........cccevvveveevince e 2 pillows........... 100/pkg
Porphyrin 2 Reagent Powder PIIOWS..........ccccovveevieevinie e, 2 pillows........... 100/pkg
REQUIRED EQUIPMENT AND SUPPLIES
DR/4000 1-Inch Cell Adapter .......ccoccvveeveeieecee e i each
OPTIONAL REAGENTSAND STANDARDS
Copper Standard Solution, 100-MQ/L CU......cccecerierrieerieseeree e sre e e e e 100 mL
Copper Standard Solution, 10-MQ/L CU.......ccovreiiirireieeereseseeeee s 100 mL
HydrochloriC ACI, B N ......ocueeeeececeeese et 500 mL
TR o N0 BN O TR 500 mL
NItrC ACIH SOIULION, 1L ..ottt et be et e e beebeeareas 500 mL
SOdiUM HYAroXide, 5N ..o et e ee e 1liter
Sodium Hydroxide Standard Solution, 5 N.......cccevveiieeiieeie e 100 mL MDB
WWALEL, JEIONIZEM ...ttt et e ettt e e e e e et et e e e se e areeeeseasarereeeesssanareeeees 4 liters
OPTIONAL EQUIPMENT AND SUPPLIES
T2 S P 00 o | TR each
Clipper, for opening POWAEr PHIOWS........cccoiiireieinirieeeeses e each
DR/4000 Carousel MOAUIE Kit ........couiiiieiieiecie ettt s sbe et nre s each
DR/4000 Flow Cell Module Kit, 1-iNCh.......cccoccuiiiiieiciecee et re e each
DR/4000 Flow Cell MOAUIE Kit, 1-CM...eeeeeeeieeiecieieeeee s st e e e s s eereeeeeessssnreeresssssnsnaseeees each
DR/4000 Sipper Module Kit, 1-INCN.......ccoiiiiiceeeeeeeese s each
Flask, VOIUMELIIC, Class A, LO0-IML ...cooeeeeeeeee et eeeee et e e e e e eereee e s s aessreeeeeessennnneeees each
Flask, volumetric, Class A, 1000-ML ....ooceiiiiiiie et each
Hot Plate, 7 X 7in., 120 VAC, 50/B0 HZ ........cooeiieeceecee ettt each
Hot Plate, 7 X 7in., 240 VAC, 50/B0 HZ ........cooeeieecee ettt each
PH Paper, pH 1.010 11.0 ..ottt e e e 5 rolls/pkg
PH Meter, SenSIONT™L, POFTADIE.............oveeeeeeeeeeeeeesseesee e see s es s sneeseesneans each
0= Y o] R e o o each
Pipet, TenSette, 0.1 10 1.0 ML ..ocuveieeeceeesie e eneens each
Pipet Tips, fOr 19700-01.......c.cceeeeeiiece et ne s 50/pkg
Pipet, vOluMELTC, Class A, 2-ML ..ot each
Pipet, VOIUMELFC, ClaSS A, 4-ML ....ccueiiiecee et et e e each
Pipet, vOlumetric, Class A, B-IML .......co.oiieieie e each
Pipet, volumetric, Class A, 8-ML .......ocoiiiiee e each
Pipet, vOlumMELric, Class A, 10-ML .....ccviveeseceeeee e each
Pipet, volumetric, Class A, 20-ML .....ccviveeie et each
Pipet Filler, safety DUID...........cooeeecee e each
Watch Glass, Pyrex, L00-IMM .......cccciieriie e e e see e se s eesieesseessesee e ae s e e seesnes each

Cat. No.
26033-00

Cat. No.
26034-49
26035-49
26036-49

48090-03
14574-42
14574-53

21856-96
14515-36
14515-04
14515-06
14515-08

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

Outside the U.S.A. - Contact the HACH office or distributor serving you.
On the Worldwide Web — www.hach.com; E-mail — techhelp@hach.com
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HACH COMPANY

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

© Hach Company, 1997-2003. All rights reserved. Printed in the U.S.A.
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