McMillan Company
Lab

Water Testing Kits - Are They Accurate?

Introduction:

There are many types of water testing kits avaslébt purchase on the Internet. Various tests are
available in different kits at different prices.&most outstanding feature of such kits is the @y
price. Water testing laboratories using sophistidaquipment to perform similar tests would be hard
pressed to compete with such low prices/kit, iftéss in these kits are both sensitive and aceurat
Buyer Beware!

Experiment:

Two brands of water testing kits were purchasenhfdifferent vendors and compared to analytical
laboratory methods for accuracy and sensitivity.

Procedure:

For anonymity purposes, the two types of waterkiestwill be referred to as Kit A and Kit B. Kis
and B were used to test water samples for theviiligp contaminants:

. Sulfate

. Total Nitrate

. Total Nitrite (as N)
. Copper

. Iron (Fe+2)

. Hydrogen Sulfide
. Lead

. Total Hardness
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The same water samples were then tested for albowaminants by EPA approved, accepted or
equivalent methods per Hach UV/Vis, titration argilént ICP-MS analytical lab instruments. Results
were compared between test kits and analyticak&bry methods.



Summary:

1. Sulfate - Only Included in test Kit A. This is not a very
sensitive test in that it can't determine Sulfdtiewels lower than
250 PPM, the EPA maximum contamination limit, or M@'s
also very hard to distinguish between 250 and 328 Ber color
chart.
“Lab UV/Vis: 3.27 PPM Method Detection Limit
(MDL) vs. Test Kit: 250 PPM.

2. Nitrate - Only Kit B was sensitive enough to determine Né
at levels less than 10 PPM, the EPA MCL. Kit A caleference
chart showed it could see Nitrate at levels leas ttD PPM, but
did not.
=|_ab UV/Vis. <0.2 PPM MDL vs. Test Kit: 2.0 PPM
(B) & 10 PPM (A)

3. Nitrite - Both Test kits worked - were sensitive enough to
detect nitrite at 0.2 PPM, less than EPA establis¥€L of 1.0
PPM.

*Lab UV/Vis: 0.014 PPM MDL vs. Test Kits. 0.2 PPM

4. Copper - Kit A color chart makes it impossible to distinguis
between 0.5 and 1.0 PPM, and Kit B color charttaistinguish
between 0 and 0.5 PPM copper.
*Lab ICP-MS: 0.0053 ppb vs. Test Kit: 0.5 PPM (B) &
1.0 PPM (A).

5.1ron - Both Kits are pH sensitive - you must insure thegiH
water being tested is neutral for this test to wadthis is not
mentioned in Kit A and not clear in Kit B. instruants.
*Lab ICP-MS: 0.112 ppb vs. 0.05 PPM (Kit A) & 0.1
PPM (Kit B)

6. Lead - Both Kits are pH sensitive - you must insure theqfH
water being tested is neutral for this test to waitkis is not
mentioned in Kit A instructions, vague in Kit B.

“Lab ICP-MS: 0.0007 ppb vs. Test Kits: 15 ppb

Test Comparisons and Results:

Sulfate

Definitions:

M aximum Contaminant
Level (MCL)

The highest permissible
level (according to the
U.S. EPA) of a
contaminant in drinking
water.

Partsper Million (PPM)

Equal to milligrams per
liter (mg/L).

Parts per Billion (PPB)

Equal to micrograms
per liter (ng/L)



1. Test Kit A - Included sulfate test strips. Kit B did not havsulfate test. The test procedure was to
dip one test strip into a 50 ml sample for 10 sdspremove, shake off excess, wait 20 seconds for
color development and compare the color of yourde® to the sulfate chart. (See Exhibit 1). Tieee
color choice levels to match were 0, 250 and >50@ fparts per million).

A Hach 250 ppm sulfate standard was prepared agulfos testing sulfate per Kit A test strip. Thstte
strip worked semi-well, per brochure instructionle color that developed on the test strip in 30
seconds was not an exact match to color chart.t€kiss not sensitive enough to detect sulfatevats
below 250 ppm, which is the MCL per EPA safe dmakwater guidelines.

Sulfate
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TEST PROCEDURE:

Cip cne test strip into a 50ml {2oz) water sample for 10 seconds with a
constant, gentle back and forth motion. Remove the strip and shake once,
brizkly, to remove axcess water. Walit 20 seconds, then match with to the color
chart above. Complete color matching within 320 seconds.

Exhibit 1 - Kit A - Sulfate

2. Hach UV/Vis- The Hach UV/Vis test # 8051, is an approved ER&thod and is sensitive enough to
detect sulfate at low ppm levels. McMillan's lals ld@monstrated sulfate MDLs (method detection
limits), as low as88.27 PPM, per this method.

Total Nitrate (as NO3-N)

1. Test Kit A - Instructions were to dip one test strip into0and water sample for 2 seconds with a
constant, gentle back and forth motion. Remove sivait one minute then match to the color chage
exhibit 2). Complete color matching within two mias. The four color choice levels to match were 0,
2, 10, 20 and 50 PPM nitrite as NO3-N.

A Hach 2.0 PPM NO3-N Drinking Water Standard wasdu® test nitrate as NO3-N per Kit A test
strip. TheKit A test strip never indicated the presence of 2 PPM NO3-N in Hach Drinking Water
standard - it did not work! A 10 PPM NO3-N standesas then prepared and used to test nitrate per Kit
A. test strips. This tim&it A test stripsdid work at 10 PPM NO3-N level as indicated below on
brochure instructions. This test is not sensitiveugh to detect NO3-N nitrate levels below 10 PPM,
which is the MCL per EPA guidelines.

Total Nitrate and Nitrite (as N)
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TEST PROCEDURE:

Dip one test strip into a 50mi (2oz) fresh water sample for 2 seconds with a
constant, gentle back and forth motion, Remove the sirip. Walt 1 minute, then
match to the color chart above. Complete color matching within 2 minutes.

Exhibit - 2 - Kit A - Nitrate as NO3-N

2. Test Kit B - Instructions listed above in Exhibit 3. Test KihBd more sensitivity, or more levels



color match at 0, 0.5, 2.0, 5.0, 10.0, 20.0 an®B™ NO3-N. The Hach 2.0 PPM Drinking Water
Standard was used to test nitrate per Kit B tegtssKit B worked well. It turned the correct color per
color chart for 2.0 PPM NO3-N in the specified amioof time.

N BN

Nitrate / Nitrite Test Instructions

1. Carefully open Nitrate / Mitrite Test packet and take out test strip.

2. Immerse the reagent pads into water sample for 2z seconds, remove,
after 1 minute match colors to chart below.

2. Colors are stable for 1 minute.

Total Nitrate/Nitrite (as N) {end pad)
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Exhibit - 3 - Kit B - Nitrate as NO3-N

3. Lab Hach UV/Vis- The Hach UV/Vis nitrate test # TNT 835, is séimsienough to detect down to
0.2 PPM nitrate as NO3-N at 95% confidence intetvaling this method, our lab has calculated MDLs
of 0.073 PPM for NO3-N and.017 PPM as NO3.

Total Nitrite (as NO2-N)

1. Test Kit A - Test procedure for determining nitrite is thensaas described above for nitrate in
Exhibit 2. The sensitivity level to detect Nitritelower than Nitrate, at 0.2 PPM. The four cokwdls

to match were 0, 0.2, 1.0, 1.5 and 3.0 PPM nigg®&O3-N. A 0.3 PPM nitrite standard was prepared
and used to test the ability of Kit A to determmtrite as NO2-N. Using this standailit A test strip
wor ked well at the 0.2 NO2-N PPM level. The color changed in the right amount of time wad

stable up to 2 minutes, per instructions.

2. Test Kit B - Testing procedure was the same as describedtfate in Exhibit 3. The color levels to
match were 0,0.15,0.3,1.0,1.5,3.0 and 10.0 PPM NO@sing the 0.2 PPM nitrite standakiit B also
wor ked well at the 0.15 NO2-N PPM level. The color changed in right amount of time, waseitp
good color match to brochure and was stable upnbinite.

3. Lab Hach UV/Vis - The Hach UV/Vis Nitrite test #TNT 839, was ugedietermine Nitrite as NO2-

N. This is an equivalent EPA method for compliananitoring and can detect nitrite as M-N down
to 0.015 PPM. The nitrite MDL per this methodi814 PPM as NO2-N.

Copper

1. Test Kit A - The procedure for using Kit A to determine copigdisted below in Exhibit 4. The fol



color levels to match are 0, 0.1, 0.5, 1.0 and”PM copper. A 100 ppb (Parts per billion) and 1ppE
Accu-Trace multi-element ICP-MS Quality Controlrstard, Lot #B7065060; were used to perform Kit
A copper test. The 100-ppb QC standard matcheddloe chart Ok, but the 1000 ppb or 1.0 PPM QC
standard showed no difference between the 0.5 &BHAM color chart levels. There is almost no
difference in color between the 0.5 and 1.0 PPMIEwhown below in Exhibit 4. Test Kit A can't
distinguish between 0.5 and 1.0 PPM, which is ais@ant drawback since the MCL for copper in
drinking water, is 1.3 PPM.

Copper (CurT/Cut2)
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TEST PROCEDURE:
Dip one test strip into a 200ml (Bozx) water sample for 15 seconds with a
constant, gentle back and forth motion. Remove the strip and shake once,
briskly. 1o remove excess water. Wait 30 seconds, then match to the color
chart above. Complete color matching within 15 seconds,

Exhibit - 4 - Kit A - Copper

2. Test Kit B - The procedure for using Kit B to test for copjgelisted below in Exhibit 5. The four
color levels to match are 0, 0.5, 1.0, 2.0 and™RM. Please note color chart levels at 0 and ONs PP
there is very little color difference between th®e tevels, making it impossible to distinguish beém
them. Since Kit B wasn't sensitive enough to datepper at the 0.1 PPM level, the 1.0 PPM Accu-
Trace QC Standard was used to test for copperréhating color on Kit B test strip matched
somewhere between 0.5 and 1.0 PPM, but did notlglestch the color per chart below at 1.0 PPM.
Since there was only one test strip/test in KibBly one standard could be used to test for acgurac

Copper Test Instructions

i. Collect a fresh water sample.

2. Open appropriate test kit and remowve the Copper Test Strip from
the foil packel.

3. Immerse the reagent pad into water sample for 30 seconds, waving
in a gentle back and forth motion.

f. Remove the strip and shake once to remove excess wailer

5. Wait 2 minutes.

6. Match result to the color chart below.

Total Copper
e | e m EE
(] 0.5 2.0 5.0 ppm
Exh|b|t 5 - Kit B - Copper

3. Lab Agilent 7500ce ICP-M S - This instrument specializes in ultra-trace neetidtection. Analysis
per method 200.8, showed Copper detection limiG.@d53 ppb.

iron

1. Test Kit A - The procedure for using Kit A to test for irorligged below in Exhibit 6. The five leve

to match results to are at 0, 0.05, 0.1, 0.3 a@dPPM. Kit A listed the lowest sensitivity detectievel

of 0.05 PPM, but Kit B was only able to detect itorD.1 PPM, so the 100 ppb QC Standard was used
to test Kit A's ability to detect iron. Followingsgting instructions below in Exhibit 6, Kit A testtip

never changed color to indicate 100 ppb iron. Stheee was no color change at 100 ppb or 0.1 F



the 1,000 ppb (or 1.0 PPM), QC standard was ussedéaf Kit A could detect iron at a higher level.
could not- Kit A test stripsdid not show any color changeto indicateiron. Technical Assistance
confirmed pH sensitivity - Kit A will only detectan in solutions above pH 4.5. Since the QC stahdar
is preserved in 2% nitric acid, the pH is < 2.0 &=t strip could not detect the iron in it. A (GPPM

Fe Std was neutralized to pH 7.5 and used to rKiest - Fe. This time Kit A test strip changed ool

to indicate Fe in the amount of time specified.

lron (Fe*+2)
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TEST PROCEDURE:

Dip one test strip into a 200m (Boz) fresh water sample for S seconds with a
constant, gentle back-and-forth motion. Remove the strip and shake aonce,
briskly, to remowve excess water. Wait 15 seconds then view through the aperture
to match with closest color. Complete color matching within 15 seconds.

Exhibit 6 - Kit A - Iron

2. Test Kit B - Testing instructions for using Kit B are listedlow in Exhibit 7. The five color levels to
match results to are 0,0.1,0.3,1.0 and 5.0 PPMdJsie 100 ppb or 0.1 PPM QC standard, Kit B also
did not show any color change to indicate the presef iron. When the QC standard solution was
neutralized to a pH of 7.5, Kit B iron test striprked as specified at the 0.1 PPM Level.

iron Test Instructions

1. Collect a fresh water sample.

2. Open the selected test kit and remove the Iron Test Strip from
the foil packet.

3. Immerse the reagent pad into water sample for 5 seconds, waving
in a gentle back and forthh motion.

#fi. Remove the strip and shake once to remove excess water.

5. Wait 2 minutes.

&. Match result to the color chart below.

fotal lron
1 = BN N
(s & 0.1 0.3 1.0 5.0 Ppm
Exhibit 7- Kit B - Iron

3. Lab Aglient 7500ce I CP-M S - Water analysis per method 200.8, showed Iroen Limits of
0.1119 ppb.

Hydrogen Sulfide

1. Kit A - Only Kit A contained a test for Hydrogen Sulfideesting procedure is listed below in Exh
8. A split sample of well water having a distinmtten egg" smell was used to test H2S-level bytHac
UV/Vis EPA approved method and by Kit A. As you e from Exhibit 8, the lowest sensitivity for
detection is 0.3 mg/L, or 0.3 PPM. Per Kit A instians, the well water sample tested less than 0.3
PPM.Note: Per instructions, it's hard to distinguish thdet#nce between 0.3 and 0.5 PPM, looking
down through the two vials of water on color conmgam chari



Hydrogen Souffide

TEST PROCEDURE:

Add water sample to be tested to tha top line of two vials, Dip one (1) Hydrogen
Sulfide test strip into one of the vials for 20 seconds with a constant, gantle
back-and-forth motion. Remove the strip fram the vial (the sample in the vial will
have a brown appearance when Hydrogen Sulfide iz present). Place the sample wvial
on the spot marked "Place Sample Vial on Circle”. Place the second vial containing
the clear water over the spot marked "Place Blank Vial on Circle”. Slide both vials,
simultaneously, until the blank vial has the best match with the color of the sample
vial, when viewed from the top. When matched, read the amount of Hydragen
Sulfide concantration. Complete the color matching within ane {1} minute.

*MCL = Maximum Contaminant Level

Place blank vial on circle
0 0.3 0.5 1.0

Exhibit 8 - Kit A - Hydrogen Sulfide

2. Hach UV/Vis- The Hach UV/Vis EPA approved method #8131, waslue determine Sulfide as,S-
in the split well water sample. The sensitivitytios method is down to 5 ppb. Note: The human ®se
very sensitive to H2S-, and can detect smellswsa®5 ppb. Using this method, the amount of
hydrogen sulfide determined in split well water géanwas 17 ppb.

L ead

1. Kit A & Kit B - The two kits had identical testing procedureddad, shown below in Exhibit 9.
Following lead testing instructions below, Kit Astestrip never changed color to indicate 100 ppld.le
Since there was no color change at 100 ppb orPM, Phe 1,000 ppb (or 1.0 PPM), QC standard was
used to see if Kit A could detect lead at a higheel. It could not - Kit A or B test strips did heork

in either 100 or 1,000 ppb lead standard, i.etheeitest strip showed any color change to indikzd.
Since this was the second metal test that didhmm&sany color change in reference to a fairly large
amount of standard, | began thinking about thilhgs$ tould cause interference, and re-read Kit
instructions. Kit A only mentioned, "Do not storedirect sunlight or above 90 degrees F." A Tednic
Assistance phone number listed on the front of&iitrochure was called. The response was excellent:
technical assistance was very prompt and gave mdoanation. It was determined these test strigy
work in water samples having a neutral pH. Singddé&en using a QC lead Reference standard
preserved in 2% nitric acid, the pH was less thawwen pH of 100 ppb QC standard was neutralized
with KOH, it worked. (Positive results are showndvein Exhibit 9)



Lead TEST PROCEDURE:

Open labeled  foll pouch and take out all contents. The test kit contains one Lead Test Strip,
one sample vial, and one dropper pipette, as well as a desiccant packet {to be discarded). Using
the dropper pipette, place water sample in the test vial. To pick up sample, tightly sgueeze the
bully at the end of the pipette and place open end Into water sample. Release the bulb to pick up
sampla, then squeaze again to expel sample into vial. Use only ona pipetie-full of water. Swirl
vial gently for several seconds. Place vial on a flat surface. Place the Waterzafe test strip into
test vial, with arrows pointing down. Wait 10 minutes. Do not disturb strip or vial during this time.
Blue lines will appear an strip. Take the strip out of the vial and read the resuils.

Mote: If no lines appear, or both lines are very light, the test did nol run properly and the result is
not valid.

IT your test strip shows a positive result, your water sample may contain lead at a toxic level,
Take appropriate action.

NEGATIVE: Bottom line {next to number 1}is darker than top line (next o number 2).
— =3 || B |
——— - P
POSITIVE: Top line (next to number 2) is darker than bottom line {next to number 1)
or lines are equally dark,

——— e (%]
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Exhibit 9 - Test Kit A & B - Lead

2. Test Kit B - Test Kit B listed helpful "Before You Begin" d@onary statements, including "Do not
use on hot water or water containing bleach orrdetds." However, when Technical Support was
called, the Technical Assistant gave informaticat thas incorrect. | was told "The iron and leadstes
are not affected by the acidity (pH), alkalinitysmftness of the water." This statement proveceto b
incorrect when Kit B iron and lead test strips dat work in solutions with a pH <2, containing both
metals at detectable levels of 100 ppb or gre®édien the QC standard solutions were neutralized to
pH of 7.5, both iron and lead test strips workedecified.

3. Lab Aglient 7500ce | CP-M S - Analysis per method 200.8, showed lead deteditiits of 0.00074
ppb or 0.74 ppt (parts per trillion).

Total Hardness (mg/L CaCO3)

1. Kit A & B - A & B Hardness test strips gave identical resottsvell water sample. Both test kits
indicated a hardness of >450 PPM per color charpawison, but it was very hard to distinguish
between the >250 and >450 PPM color levels. Bathdde useful as a rough indicator or hardness.

2. Lab Titration - Hach method 5B titration results confirmed thiss a very hard water sample.
Duplicate titration results showed total hardnessa 340 PPM as CaCO3.

Conclusions: Buyer Beware!

*Dueto theambiguities of water test kitsthat base results by comparing test strip colorsto
levelson color comparison charts, | would not recommend using these test kitsto determine



Sulfate, Nitrate, Copper and Hydrogen Sulfide.

*These kits proved to give sensitive and accur ate nitrite results, so | would use them to test
for nitrite contamination in drinking water.

*These kits proved to be useful to give rough approximationsfor total hardness and pH.

*|f kit instructions clearly indicate that iron, lead and copper testsare pH dependent and
will only work in water that has a neutral pH; these kitswould be useful for rough, field
approximations. However, one kit manufacturer gave inaccur ate information when the

technical support hotlinewas called. Overall | would haveto say " Buyer Beware."

If you would like a copy of this report, please click here.
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