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Flow Solution™ FS3700 Automated Chemistry Analyzer

Sulfate by Flow Injection Analysis (FIA) and Photometric Detection
USEPA 375.2
Cartridge Part Number 331386CT

Scope and Application

This method is used for the determination of sulfate in drinking water, surface water, and domestic and industrial
waste according to USEPA method 375.2 and Standard Methods 4500— so,” G.M?

Method Performance

Range 1 mg/L — 25 mg/L*
Rate 40 samples/hour
Precision <2% RSD at mid-range
Method Detection Limit 0.1 mg/L

*The range may be extended to analyze other concentrations. Analysis of sulfate in ranges up to 300 mg/L will

require a different pump tube configuration, smaller sample loop, and a third-order curve fit. Contact Ol Analytical for
assistance.
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Figure 1. General flow diagram for Sulfate by USEPA 375.2.



Reagents and Calibrants

Chemical Name

Sulfate by USEPA 375.2 (FIA)

Chemical Formula

Part

Number

Ammonium chloride 12125-02-9 NH,CI
Ammonium hydroxide 1336-21-6 NH,OH
Barium chloride dihydrate 10326-27-9 BaCl,2H,0,
sBciJ(zi_iSr?]Xch'Jwr;O Resin, 50-100 dry mesh size, 81133-22-4

Brij®-35 (21% Solution) 9002-92-0 (C5H40),C12H260 326126
Chloroform 67-66-3 CHCl3
Ethanol, 95% 64-17-5 C,HsOH
Ethylenediaminetetraacetic Acid Disodium 6381-92-6 C10H14N20gNaz2H,
Salt Dihydrate (EDTA) @)
Hydrochloric acid 7647-01-0 HCI
Methylthymol Blue Sodium Salt 1945-77-3 C37H40N2Na043S
Sodium hydroxide 1310-73-2 NaOH
Sodium sulfate 7757-82-6 NaSO,
Water, deionized (ASTM Type | or Il) H,O

Summary of USEPA Method 375.2
Method

Within the pH range of 2.5-3.0, sulfate ions react with a barium-methylthymol blue (BaMTB) complex to form
barium sulfate (BaSO,) and free methylthymol blue (MTB). The analytical stream is then made highly basic (pH
12.5-13.0). At this pH, the absorbance maximum for the BaMTB complex is 610 nm, while that of free MTB is
460 nm. Given that the molar concentrations of barium and MTB are approximately equal and that the maximum
sulfate concentration to be measured does not exceed the concentration of the BaMTB complex, the sulfate
concentration is directly proportional to the free MTB concentration measured at 460 nm.

. H25-3. ;
Ba?" + MTB® ——=220 5 pBamTB*

H12.5-13.0
BaMTB* + SO,2 ————"—p BaSO, + MTB®

The sulfate calibration curve is nonlinear. Colovos et al. have attributed this to the formation of a binuclear
BaMTB complex and to impurities in commercially available MTB dye.*



Sulfate by USEPA 375.2 (FIA)

Interferences

Multivalent cations such as calcium, magnesium, and aluminum are removed with a cation exchange column.
Neutralize samples with pH values less than 2 to prevent the elution of cations from the ion exchange resin.

e Filter or centrifuge turbid samples prior to analysis.

e Other compatible procedures for removing or suppressing interferences may be used, provided they do not
adversely affect overall method performance.

e Method interferences can be caused by contaminants in the reagents, reagent water, and glassware, which
may bias the results. Take care to keep all such items free of contaminants.

=y -
&S FlowView
Flow Solution 3700 Analyzer

-~

View Results

B

R N NN IR I I Y
Ch 2: Sulfate
ﬁ -
1200004
=
100000 e
:?
=]
S 80000
=
o5
A
5 60000 -
1
8
40000
o s
200004
= + -
L o
00T T l
T T T T T T T T T T T
10000 105040 11000 11500 12000 12500 13000 13500 14000 14500 15000
Time [seconds)
Date/Time Peal Cup# Rep# Type Sample Name Peak Heigh Avg Ht Calc(mg/l) Awvg Cale{n % RSD M-Di
03/03/2017 17:30:02| 9 0 1[RB Baseline 5864 586.9 0.0000 0.0000 0.0 1= Save Resuits As
03/03/2017 17:31:32| 10 0 1[RB Baseline 6616 6616 0.0000 0.0000 00 ]':l
03/03/2017 17:33:02 11 900 1[sTD1  [Cal 5td O pprm 7884 7884 0.0000 0.0000 0.0 1
03/03/2017 17:34:32| 12 801 1[STD2  |Cal Std 1 ppm 4164.5 41645 1.0000 1.0000 00 1
03/03/2017 17:36:02 13 802 1[STD3  |Cal 5td 5 ppm 234343| 234343 5.0000 5.0000 00 1
03/03/2017 17:37:32 14| 803 1[STD4  |Cal $td 10 ppm 51776.5| 517765 10.0000 10.0000 00 1
03/03/2017 17:39:02 15 904 1[sTD5  [Cal Std 20 ppm 108598.2 | 108598.2 20.0000 20.0000 0.0 1 |
03/03/2017 17:40:32 16| 805 1[STD6  |Cal Std 25 ppm 125837.9| 1258379 25.0000|  25.0000 00 1. J
‘| m | »
Result File: 20170303-5ulfate_Loop400ul_Diluent750REDRED - 472 Operator ID:  QIC Caleulate Paals|
F53700 State Machine: Idle Vial® 0 Reps: 0/0 State: None Active Sample Table ExampleTablel

Figure 4. Sulfate Calibration Series
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Sulfate by USEPA 375.2 (FIA)

[ Canfiguration | Methods | Calibration Results | Sample Table |
Channel 1 | Channel 2 | Channel 3 | Channel 4 | Channel 5 | Channel 6

Curve Fit: R™ 0.99697023 RF: n/a Offset: nfa HLCAVG: 0.00000000
2nd Order a: 8.157918E-011 b: 1.815729E-004 < 2.263863E-001 | LHCAVG: 0.00000000

Name Type 5td. Conc(mg/l) Awg Height Calc. Avg Conc(mg/L) % RSD FHags Calib. Date Time

Cal Std 0 ppm STD1 0.0000 7884 03696 0.0 3/3/2017 5:33.02 PM

Cal Std 1 ppm 5TD2 1.0000 41645 09840 00 3/3/2017 53432 PM

Cal S5td 5 ppm 5TD3 5.0000 234343 45262 0.0 3/3/2017 5:36:02 PM

Cal Std 10 ppm STD4 10.0000 51776.5 9.8463 0.0 3/3/2017 53732 PM

Cal Std 20 ppm STD3 20.0000| 1085882 209070 0.0 3/3/2017 5:39:02 PM

Cal Std 25 ppm STD6 25.0000| 1258379 243670 0.0 3/3/2017 54032 PM
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Result File: 20170303-Sulfate_Loop400ul_Diluent750REDRED - 47a Operator ID:  CIC ‘ Calculate Peaks
F53700 State Machine: Idle Vial# 0 Reps: 0/0 |State: None Active Sample Table ExampleTablel

Figure 5. Calibration Curve and Statistics

Bio-Rex™ is a trademark of Bio-Rad Laboratories, Inc.
Brij® is a registered trademark of Croda International PLC.

Luer-Lok™ is a trademark of Becton, Dickinson and Company.
Ol Analytical® is a registered trademark of Xylem, Inc. or one of its subsidiaries.
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