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Why Chromium analysis is important?
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⚫ Cr is widely used in steelmaking, paints, 
etc.

⚫ The most common forms of chromium: 
trivalent chromium (Cr Ⅲ), hexavalent 
chromium (Cr VI) and metallic chromium.

⚫ The toxicity of Cr varies greatly 
depending on its valence. 

While Cr Ⅲ is non-toxic and essential for 
human health, Cr VI is highly toxic.

⚫ Most of countries has established 
regulations and laws for public water.



Regulatory drivers for Cr VI analysis
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⚫ Total Cr is regulated in drinking water since 1942.

⚫ In 1991, EPA set the maximum Contaminant Level (MCL) for total 
Cr at 100 µg/L.

⚫ In July 2014, California adopted the first national standard for Cr 
VI in drinking water, setting MCL at 0.010 mg/L (invalidated in 
2017).

⚫ In April 2024, California added the MCL at 10 µg/L for Cr VI into 
the current regulation (MCL at 50 ug/L for Total Cr).



EPA method 218.7 outline
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In EPA Method 218.7, Cr VI is separated by anion 
exchange column. 

The colored complex formed between Cr VI and 1,5-
diphenylcarbazide in the post column derivation is 
detected at 530 nm. 

EPA 218.7 requires

⚫ Low detection limit (DL) of Cr VI  

→ from 0.0044 to 0.015 µg/L 

⚫ Large injection volume

→ usually 1 mL
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Instruments for Cr Analysis
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PARAMETER INSTRUMENT PROS CONS

Total Chromium

Atomic Absorption
Low price
Short analysis time

Other components cannot be 
analyzed simultaneously

ICP-OES Simultaneous analysis High price

ICP-MS
Simultaneous analysis
High sensitivity

High price

Cr VI
UV-vis Short analysis time Complicated pretreatment

IC Low price
Other components cannot be 
analyzed simultaneously

UV-vis
Ion chromatographyAtomic Absorption ICP-MSICP-OES



Instrument configuration
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Ion Chromatograph is same as an inert LC without 
a suppressor
Suppressor is not required in EPA 218.7

https://www.shimadzu.com/an/products/liquid-chromatography/hplc-system/nexera-lite-inert/index.html

https://www.shimadzu.com/an/products/liquid-chromatography/hplc-system/nexera-lite-inert/index.html


Instrument configuration and flow path diagram
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Eluent

Reaction
Reagent

Pump
LC-40i

Pump LC-40i

Autosampler SIL-20AC 
With 100 µL inert kit & 

2 mL sample loop 

Column oven
CTO-40C

Waste

Shodex
SI-90(G)

Shodex SI-90

3 port
Connector

(PEEK)

UV-VIS 
detector
SPD-40V

(inert cell)

Degassing unit
DGU-403

Reaction Coil
PEEK, 0.5 mm

X 1 m

Metal Free Chamber

Resistance tube
PEEK, 0.1 mm X 2 m

Shimadzu HPLC： NexeraTM lite inert

System Controller： CBM-40

Pump Unit：
LC-40i

LC-40i 

Degas Unit： DGU-403

Autosampler： SIL-20AC（inert)

Column Oven： CTO-40C

Detector： SPD-40V（inert cell）

Workstation： LabSolutions LC/GC



Analytical conditions
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Column : Shodex SI-90 (250 mm 4.0 mm I.D., 9 µm)

Guard Column : Shodex SI-90(G) (10 mm 4.6 mm I.D., 9 µm)

Eluent :
50 mmol/L Ammonium sulfate
20 mmol/L Ammonium hydroxide

Eluent Flow Rate : 0.8 mL/min

Post Column Reagents :
2 mmol/L 1,5-diphenylcarbazide
10% Methanol
1 N Sulfuric acid

Post Column Reagents
Flow rate

: 0.3 mL/min

Column temp. : 45 oC

Injection volume : 1000 µL

Vial : Shimadzu Vial, LC, 4 mL, Polypropylene

Detection : UV-VIS (530 nm, inert cell)

Reaction Coil : 250 µL (1 m 0.5 mm I.D.,(PEEK))
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• Cr(III) typically exists as cationic 
aqua-hydroxo complexes 

• Cr(VI) exists typically as an anionic 
chromate species

• Interconversion of Cr(III) & Cr(VI) 
depending on sample conditions (pH)

HCrO4
-

CrO4
2-

H2CrO4

M
o

la
r 

F
ra

c
ti

o
n

Cr3+ Cr(OH)2+ Cr(OH)2
+ Cr(OH)3 Cr(OH)4

-

PH

NEMC 2024 13



Today’s presentation

14

⚫ Background

⚫ Introduction of chromium analysis and United States Environmental 
Protection Agency (EPA) methods

⚫ Experimental Conditions

⚫ Instruments (NexeraTM lite inert) and analytical conditions

⚫ Results

⚫ Quality control (QC) requirements in EPA method and experimental data

NEMC 2024



QC requirements of EPA method 218.7
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QC requirements of EPA method 218.7
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Preparation of standard samples

⚫ Diluting sodium chromate tetrahydrate with pure water (Analyte PDS).

⚫ Prepare a series of calibration standards (6 levels) by diluting the Analyte PDS.

⚫ To prevent reduction to Cr Ⅲ, pH control solution added to all samples, and pH was 
adjusted to greater than 8 with 

ammonium sulphate solution.

Elution time

⚫ The elution time for Cr Ⅵ was about

6 min.

Sample preparation and elution time
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Chromatogram of 1 µg/L standard and blank sample
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min

-1.0

-0.5

0

0.5

1.0

1.5

2.0

2.5
mAu

blank sample

1 µg/L standard

Cr(VI)



Initial calibration
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⚫ The calibration curve was created with 6 points between 0.02-1 μg/L.

⚫ The coefficient of correlation (r2) was 0.99997.

STD
Setting conc.

(µg/L)
Peak area

Conc.
(µg/L)

STD-1 0.02 529 0.0197

STD-2 0.05 1615 0.0472

STD-3 0.10 3845 0.1035

STD-4 0.25 9606 0.2491

STD-5 0.50 19571 0.5010

STD-6 1.00 39296 0.9995

0.00 0.25 0.50 0.75
Concentration (µg/L)

0

5000

10000

15000

20000

25000

30000

35000

40000
Peak Area

1.00

Calibration curve

r2: 0.99997

Results of calibrations



Laboratory duplicate
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⚫ Calculate the relative percent difference (RPD) for duplicate measurements 
(LD1 and LD2) using the equation:

⚫ EPA requirement: RPD must be ≤15%.  (≤50% if concentration <2 x MRL.)

STD
Setting conc.

(µg/L)
Peak area 1 Peak area 2 Mean area %RPD

STD-1 0.02 529 550 539.5 3.89

STD-2 0.05 1615 1565 1590 3.14

STD-3 0.1 3845 3718 3781.5 3.36

STD-4 0.25 9606 9821 9713.5 2.21

STD-5 0.5 19571 19380 19475.5 0.98

STD-6 1 39296 39738 39517 1.12

Laboratory duplicate measurements



Demonstration of low system background
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⚫ A laboratory reagent blank (LRB) after the high calibration standard during 
the IDC calibration was analyzed

⚫ Cr Ⅵ was N.D.

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

-0.75

-0.50

-0.25

0

0.25

0.50

0.75
mAu

Detector: 530nm

min

LRB result after calibration standards



Demonstration of precision and accuracy
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⚫ Prepared 3 laboratory fortified blank (LFB) samples (0.02, 0.1, 1 µg/L) and 
analyzed 7 replicate LFBs

⚫ EPA 218.7 requirements: Percent relative standard deviation (%RSD) must 
be ≦15%, mean recovery within ±15% of the true value

Concentration of standards 0.02 µg/L 0.1 µg/L 1 µg/L

Mean measured value (µg/L) 0.0205 0.102 1.01

Mean recoveries of 
true value(%)

102.5 102.2 101.4

Area precision (%RSD) 4.93 2.66 0.51

Recoveries and precision of area



Method detection limit (MDL) and quantitation limit 
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⚫ MDL calculated as (t) x (S) after 7 replicated analyses of 0.02 μg/L Cr Ⅵ. 

⚫ MDL of 0.003 μg/L enables a LOQ of 0.009 μg/L for Cr Ⅵ, which is 
adequate for routine analysis at the California PHG of 0.02 μg/L. 

Chromatograms of 7 replicated 
analyses of  0.02 µg/L

MDL：0.003 µg/L

MDL=(t)×(s)
t=Student's t value for n-1 degrees of freedom at 

the 99% confidence level; 
t = 3.143 for six degrees of freedom

s = standard deviation of the replicate analyses

MDL calculation

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min
-0.10

-0.05

0

0.05

0.10

0.15

0.20
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0.35

0.40

0.45

mAu

Cr(VI)

n=7

n=6

n=5

n=4

n=3

n=2

n=1

STD-1 (0.02 µg/L) Conc. (µg/L)
n=1 0.0210
n=2 0.0213
n=3 0.0196
n=4 0.0221
n=5 0.0197
n=6 0.0204
n=7 0.0194

Ave 0.0205
SD 0.00094

7 replicated analyses of  0.02 µg/L standard



Analysis examples of mineral water and tap water
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⚫ Following the procedure described in EPA method 218.7, 3 kinds of 
commercially available mineral water and tap water were analyzed. 

Sample
Mineral 
water A

Mineral 
water C

Mineral 
water S

Tap water

Mean measured value (µg/L) <MDL 0.80 0.0095 0.021

Relative standard deviation 
(%RSD) 

0.37 3.74 6.14

Analytical results of samples



⚫ Low and high concentrations of Cr Ⅵ standard were added to samples, and 7 replicated 
analyses were measured. 

⚫ Mean recovery calculation 

followed by EPA Method 218.7. 

⚫ EPA 218.7 requirement: %RSD 

must be ≦15%, mean recovery 

within ±15% of the true value)

Fortified sample matrix test
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Sample
Fortification
(µg/L)

Concentration 
of unfortified 
sample (µg/L)

Mean 
measured 
value 
(µg/L)

Mean 
recovery
(%)

%RSD

Mineral 
water A

0.05
<MDL

0.051 101.9 4.79

0.2 0.20 101.5 0.95

Mineral 
water C

0.2 0.80 0.99 97.2 0.46

Mineral 
water S

0.05
0.0095

0.058 97.5 3.89

0.2 0.21 97.9 4.68

Tap 
water

0.05
0.021

0.071 99.4 3.55

0.2 0.22 101.7 0.85

Analytical results of fortified sample matrix test



Chromatograms of analysis and fortified sample

NEMC 2024 25

⚫ Example chromatograms of the analysis results.

Chromatograms of mineral water A and 
mineral water A fortified with 0.05 µg/L and 0.2 µg/L Cr Ⅵ standard

Mineral water A
fortified with 0.2 µg/L Cr(VI)

Mineral water A 
fortified with 0.05 µg/L Cr(VI)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 min

-0.10

0

0.10

0.20

0.30

0.40

0.50

0.60

0.70

mAu

Cr(VI)

0

Mineral water A 



Summary
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Requirement Acceptance criteria Results 
Demonstration of low system 
background

Cr Ⅵ concentration after high 
calibration standard <1/3 MRL

Cr Ⅵ was N.D.. PASSED!

Demonstration of precision Percent relative standard deviation 
must be ≦15% (seven replicated)

3 LFB samples (0.02, 0.1, 1 µg/L) 
were analyzed.
Percent relative standard deviation 
no more than 5%.

PASSED!

Demonstration of accuracy Mean recovery within ±15% of the 
true value

3 LFB samples were analyzed.
Recoveries were within 100~103%.

PASSED!

Quality Control Sample (QCS) Concentration of mid-level QCS must 
be within ±15% of the true value

The recovery of mid-level QCS was 
102.2%

PASSED!

Laboratory Fortified Sample 
Matrix (LFSM)

The recovery of LFSM must be 
within ±15% of the true value

All the recoveries of LFSM were 
within 97%~102%. 

PASSED!

Laboratory Duplicate (LD) For LDs, relative percent differences 
must be ≦15%

Each sample’s relative percent 
differences no more than 4%.

PASSED!



Application news 01-00669
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https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/22616/an_01-00669-en.pdf

https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/22616/an_01-00669-en.pdf


Company names, product/service names and logos used in this video are trademarks and trade names of Shimadzu Corporation 
or its affiliates, whether or not they are used with trademark symbol “TM” or “®”. 
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Thank you for 
your attention!

Nexera lite inert is a trademark of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.

NEMC 2024

Yujing Jiang
Shimadzu Corporation

Jiang.yujing.au9@shimadzu.co.jp
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