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Where to Start?

m IS the analysis regulated?
m Who regulates the analysis?
m Are there specific methods that must be followed?
m Which types of waters are included?
m What concentration ranges are significant?

m Which technologies are permitted or required?
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Reqgulatory Agencies/ USA

m USEPA/ Office of Water

m Office of Ground Water and Drinking Water
m oversees implementation of the Safe Drinking Water Act.

m Office of Wastewater Management

m oversees a range of programs contributing to the well-being of the
nation’s waters and watersheds and supports the Federal Water
Pollution Control Act, commonly known as the Clean Water Act

m Office of Wetlands, Oceans and Watersheds

m protects US marine and fresh water ecosystems, including watersheds,
coastal ecosystems and wetlands. We regulate and monitor ocean
dumping, manage dredged materials, and reduce marine debris. \We
protect water quality and habitats in 28 estuaries around the nation.

m Office of Science & Technology

m responsible for developing sound, scientifically defensible standards,
criteria, advisories, guidelines and limitations under the Clean Water Act
and the Safe Drinking Water Act.
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Time to Decide
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Let’s Start with Drinking Water
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Analytical Methods and Laboratory
Certification

Drinking Water

m Public water systems require periodic monitoring for the
presence of specific contaminants, including mercury.

m Approved analytical methods must be used to meet
federal monitoring requirements and to demonstrate
compliance with drinking water regulations.

m Laboratories that analyze these compliance samples must
be certified by EPA or the State.
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Inorganic Mercury

m Maximum Contaminant Level (MCL) = 2 parts per billion
(Ppb)

m Maximum Contaminant Level Goal (MCLG) = 2 ppb

m Sources of Contamination
Erosion of natural deposits; discharge from refineries and
factories; runoff from landfills; runoff from croplands

m EPA regulates mercury in drinking water to protect public
health. Mercury may cause health problems if present in
public or private water supplies in amounts greater than the
drinking water standard set by EPA.
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40 CFR 141 National Primary Drinking Water
Regulations

m 8141.1 Applicability.

m This part establishes primary drinking water regulations pursuant to
section 1412 of the Public Health Service Act, as amended by the Safe
Drinking Water Act (Pub. L. 93-523); and related regulations applicable
to public water systems.

2
Contaminant Methodology™? EPA ASTM3 S]I.\;:Iflefltl)‘ (Szl:]nth Onfi:‘ezz Other
ed.)
16. Mercury Manual, Cold Vapor 24512 |D3223-97,02 3112 B 3112 B-99
Automated, Cold Vapor 245.21
ICP-Mass Spectrometry 200.8°

Only two approved choices: CVAAS & ICP-MS
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Method 245.1
Summary of Method

m A known portion of a water sample is transferred to a
BOD bottle, equivalent ground glass stoppered flask
or other suitable closed container.

m It is digested in diluted potassium permanganate-
potassium persulfate solutions and oxidized for two
hours at 95°C.

m Mercury in the digested water sample Is reduced with
stannous chloride to elemental mercury and measured
by the conventional cold vapor atomic absorption
technique.
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245.1

Sample Digestion Procedure

To 100mL of water (sample)

m Add SmL H,SO,

m Add 2.5mL HNO

m Add 15mL KMnO, solution (5%)

m Shake & add more KMnO4 until purple color persists
>15min

m Add 8mL K,S,0Og4 solution
m Mix, cap and heat at 95°C for two hours
m Cool to room temperature

m Add 6mL NaCl-(NH,OH)-H,SO, solution to remove
excess permanganate
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Automated Hot Blocks

T
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245.1

Analysis e
Method 245.1 is a manual method although it ET e
practice it is almost always automated. E}Zw., Seisber Conaning
Yoy Option 1
Three manual configurations are provided in
the method: o =g
1. Employs a valve to recirculate the carrier ﬁ%_'ﬁﬁi
gas T T
2. Is a flow-through system with liquid E‘TW,, ﬁ:r<:“,;r§;:LiT:;=;.d.;E
scrubber R0 Bort option 2
3. Isthe same flow-through system with a
carbon scrubber ooy s b o
ﬁrf— _ = o
Most labs replace the B.O.D. bottle with a F’TW
gas/liquid separator and use a pump to ﬁz,_suw«
introduce sample & reductant. F[;:Ego?%ii:ppﬂrﬂtus for Flameless Mercuy Determination
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Automated Cold Vapor Atomic Absorption (CVAA)

m Hydra ll,, Mercury
Analyzer for the
Determination of Mercury
In Drinking Water by
CVAA

Hydrazr
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The Hydra Il,, Automated Analyzer

m Standards, samples and
rinse are mixed with
stannous chloride and
enter a gas/liquid
separator.

m Gas bubbles through the
liquid and carries
mercury vapor through a
dryer to an absorption
cell while liquid is
pumped to waste.
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Benefits Provided with Hydra ll,,

m It’s Fast
m Results in as little as 1 minute per sample

m [t’s Sensitive |
m Detection limits are about 1 ppt (ng/L) / = — - 10T
m It’s Robust —— : y
m The sipper filter eliminates particulates —~
m The gas/liquid separator destroys bubbles
m It’s Unique Over-range Protection
m Quick recovery from contaminated samples
m No costly downtime
m It’s High Capacity Autosampler
m Upto 270 samples
m Large reservoirs for recurring QCs
m Intelligent decision making
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Short Analysis Cycle

m High sensitivity and high throughput

m Qualify for contracts with low report limit requirements
that other systems are unable to meet

Conditions:

Pump 10 mL/min
Gas 0.20 LPM
Rinse 25 secs.
Uptake 40 secs.
Integ. 3x2 secs

Total time 71 secs
Detection limit 1.1 ppt
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Process Tough Samples

m Foamy samples
m Serpentine path breaks up bubbles
m Particulates & precipitate

m Filter tip probe rejects solids
m No narrow restrictions to clog

m Difficult to reduce
m Long reaction time
m Vigorous gas shearing action
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Baseline Correction and Over-Range Protection

Read
End Last Sample Signal I
Move Tip o
‘ Samplc
Tip to Rinsc
LT
- _ I VR e || a— -
Rinsc Time Bascline Uptake Check for High Hg
Time Concentration

Check for Stable
Bascline

* Integrates at the same time interval for consistency from sample to sample
 \erifies baseline between each sample
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Stability

m Calibration Precision for Method 245.1
m 0.2ppb repeated every 10 samples for 270 samples

T L T

std 2451 - 090324

LFB Readback over 8 hours ;

with 20 & 30% limits

B | Pcto2o0 + 20.000 %
I | value? 0.260
I | valuel 0.140
—
—

Concen tration: ID.1 95 M

Hardware | |

- Hg Line
r ______________________________________________________________________________________
—
| I
—
—

A
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Let’'s Look at Wastewater
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Approved Methods

Wastewater

m Approved General-Purpose Methods

m The analytical methods promulgated under the authority of Section
304(h) of the Clean Water Act are sometimes referred to as the "304(h)"
or "Part 136" methods.

m The methods measure chemical and biological pollutants in media,
such as wastewater, ambient water, sediment, and biosolids (sewage
sludge).

m These various CWA methods are tested in a variety of labs and
matrices. In addition to Part 136 methods, some approved methods are
published or incorporated by reference at 40 CFR Parts 401-503,
approved industry-specific methods.
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http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?sid=1f96534e6802a3df1cf76724c49d4ba5&c=ecfr&tpl=/ecfrbrowse/Title40/40cfrv23_02.tpl
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?sid=1f96534e6802a3df1cf76724c49d4ba5&c=ecfr&tpl=/ecfrbrowse/Title40/40cfrv23_02.tpl

Mercury Methods on the Approved List
and Quantitation Limits

TABLE IB—LIsT OF APPROVED INORGANIC TEST PROCEDURES

Standard
Parameter Methodology®® EPA5? methods USGS/AOAC/Other
35. Mercury—Total,* |Cold Vapor, Manual 2451, Rev. 3.0 3112 B-2009 077.22.° [-3462-85.
mg/L (1994)
Cold vapor, Automated 245.2 (Issued
1974)"
Cold vapor atomic fluorescence (245.7 Rev. 2.0 1-4464-01.71
spectrometry (CVAFS) (2005)"
Purge and Trap CVAFS 1631E®
245.1 and 245.2 >200ng/L
245.7 5ng/L
1631E 0.5ng/L
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Method 245.7 Approval

WaTER

signed: August 23, 2007
MEMORANDUM

SUBJECT: Analytical Methods for Mercury in National Pollutant Discharge Elimination
System (NPDES) Permits

FROM: James A. Hanlon, Director
Oftfice of Wastewater Management

TO: Water Division Directors, Regions 1 - 10

The purpose of this memorandum is to inform you of EPA’s March 12. 2007, approval of
Method 245.7 for measurement of mercury and modified versions of approved analytical
methods for mercury as well as the impact of their approval on the NPDES permitting process.
While several different methods are currently approved under 40 CFR Part 136 for the analysis
of mercury. some of these methods have much greater sensitivities and lower quantitation levels
than others. This memorandum clarifies and explains that, i light of existing regulatory
requirements for NPDES permitting.l only the most sensitive methods such as Methods 1631E
and 245.7 are appropriate in most instances for use mn deciding whether to set a permit limitation
for mercury and for sampling and analysis of mercury pursuant to the monitoring requirements
within a permit.
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Similarities in the Fluorescence Methods

m Same Clean Hands/Dirty
Hands sampling procedure

m Similar preservation
requirements

m Similar digestion reagents
m Same Calibration Algorithm

m Similar analytical
Instrumentation

m The difference is use of a gold
amalgamator in 1631E only

ﬂ

Mercury Analyzers

Method 245.7 : Leeman Labs, Hydra AF
g Liquid / Gas
Hg*2 Hg

Separator .
SNCly o0 Signal
o
V\f\_l Detector
Argon

Hg Lamp |_EI I Cell

Method 1631 : Leeman Labs, Hydra AF Gold

Hq® Liquid / Gas

Hg* Separator Au Trap .
SnCl, o0 Signal
)
[~~~ Detector
Argon E'

| cel

Hg Lamp |

As implemented on Leeman Labs Inc. (Hudson, N.H.) Hydra
mercury systems.
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Mercury - water Quality Criteria

NTR
Criterion (ng/L)
Freshwater Acute 2400
Freshwater Chronic 12
Marine Acute 2100
Marine Chronic 25
Human Health 140

Wildlife -

Circled values require CVAFS

Great Lakes

(ng/L)

1440

770

Values in red require Method 1631.

ﬁ
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POTW Monitoring Strategy

Draft Document — EPA Begion 8 cam

Mercury Methods and Source Characterization

Industial Pretreatment Program

472805

1) (18 (1719 {2

Source

Typical Concentration

Method Options

Draft Document — EPA Region 8 cam Industrial Pretreatment Program 4/28/05

1821 {dilution)

This DRAFT is being circulated for comment. Comments are due

no later than June 15, 2005. Please send comments to the email
address or physical address shown below.

POTW wastewater influent 21 - 500 mgiL 1631 maodified (245.7)
POTW wastewater efflusnt 1-—51 nglL 1631

0.2 — 30 mg'Hg (dry weight) —
POTW sludge or biosalids Generally on the lower end SwWa4s: 74718

POTW Collection System

50 - 1000 mg'L

1631 (dilution)

1631 madifiad (245.7)

1631 madified (CWVAAS)
245 1 (oplimized & dedicated
instrument)

DRAFT

May 9, 2005

1631
1631 modified (245.7)

POTW MERCURY CONTROL STRATEGY

Addendum to the Region & Strategy for the Development of Local Limits
U.S. EPA Region 8, Industrial Pretreatment Program

The POTW should carefully evaluate whether a MOL of <0.2 ug/L is adequate. More
POTWs are realizing that they must use Methad 1631 (currently approved under 40 CFR

Part 136) or Method 245 7 (expected to be approved) for mercury analyses. Failure to

use these more sensitive methods may result in significant re-sampling requirements to
obtain a definitive value for mercury.

Industrial Efffuent - SlUs 138 ngiL 1631 maodified (CVAAS)
1631 modified (245.7)
1631 modified (CWVAAS)
1831 (dilution)
Commercial Effluent 488 ngiL 2451
) ) 1631
Residential 1831 modified (245.7)
38 mgiL 1631 modified (CWVAAS)
1631 (dilution)
Trucked and Hauled Waste 3057 ngll 1631 modified (245.7)
1631 modified (CWVAAS)
245 1 (optimized & dedicated
instrument)
Surface Water 0.2- 10 mg'L 1831
Dental office discharge o )
{without separator treatment | 2pisodic discharges ranging 1o 245 1

and na dilution by sanitary
wasiewater)

= 5,000,000 mg/L

1631 madified (CWAAS)
1631 modified (245.7)

g
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1669 Summary

m Fluoropolymer or borosilicate glass bottle
m Double bagged bottle

m Dirty Hands

m operation of machinery, sampler preparation,
outside bag handling

m Clean Hands
m inside bag handling
m sample bottle
m sample transfer
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Controlling Contamination

You will need to plan any place that samples will be prepared and an
analyzer used to conduct Method 1631E.

m Method 245.1 Detection limit = 200 ppt

m Method 1631E Highest standard = 100 ppt
Detection limit = 0.2 ppt

m Method 245.7 Detection limit = 2.0 ppt

Is a Class 100 Clean Room
necessary?
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Probably Not; But Contamination Sources
Must Be Controlled

Reagents Analyst Environment
Water gloves air - vapor/particulates
HC| |ab coat thermometer, manometer, barometer
dental work bench top
KBr ventilation hood
KBr0, Equipment
SnCl; sample bottle autosampler vial
NH,OH HCI o
hoses & tubes gas/liquid separator
Ar

gas supply line pipette tips

»
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Mercury Enclosure
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Sparging Process

m Teflon tube extension
m Gas flow: ~5 LPM
m Time: >30 min
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Water Sources

Source Counts

Waters run as samples with sparged reductant
and rinse solutions.

The filter used to clean the de-ionized water at
the spigot was a Barnstead International
Ultrapure filter (part number D8911). They are
available from Thermo Fisher Scientific
amongst others and cost about $40.00 each.

A

_ N
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2-Stage Drying
The Soda Lime Dryer

m Contains:
m Calcium oxide
m Sodium hydroxide
(5-20%)
m Water (6-18%)
m Demonstrated superior
liquid phase removal
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2-Stage Drying
Nafion Dryers

Counter-current gas flow design

Wet gas outlet

=5 Dry gas outlet

Wet gas inlet *.;___ B . ” =

Dry gas inlet

Available in various
lengths, materials, and
shapes
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1631 Summary

m BrCl Oxidizer / Preservative
m NH,OH-HCI prereduction for free Br & Cl
m SnCl, reduction of Hg?* to Hg®

m Purge Hg® from water with Ar or N,
m Trap Hg® on Au coated sand
m Thermally desorb Hg® into Ar stream

m Cold vapor atomic fluorescence spectrometry
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Calibration Factor Algorithm

Blk Calc
Conc subtracted conc
ng/L Peak area area Cal Factor ng/L %R  QC check
0 28266  avg blk 0.20 <0.5
0 28901 28584 0.21 <0.5
0.5 110243 81660 163319 0.59 118% 100+/-25%
1 167870 139287 139287 1.01 101% Calibration Checks
2 287869 259286 129643 1.88  94%
5 663325 634742 126948 4.60  92% System blank
10 1389643 1361060 136106 9.86  99% 0.5ppt %Rec.
20 2685733 2657150 132857 19.25  96% CE %RSD
avg CF 138027
%RSD 10% <15%

»
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Calibration Factor

E3Ta16313- Teledyne Leeman Labs HydraR - 1.821 [Admin]
Method Wiew FRun Tools Help

(E] B U i B 5 R 7 &» ) [ ] -InstrumentStatus: IDLE

= TATE31 3
Instrurnent Contral
libration

Standards/MSA L
Quality Contral Checks 56398 Fit Type: C. Factor -
QC Autornation
Analytical Parameters Eallenefiam Bk
Avg. CF. 1103
%ZRSDCF. B
Awvg BB 0.196
“Recovery 108 Acceptance
Cal. status: Accepted C . .
riteria

Clear
Calibration Minirum Rho

[Sequences) 0.000000
Frimt Max. Concentration: 50,000 ppt Reps W W W T

Std D | Cane. | Cale. | Dev. | Mean | SDoar.. | Rep | Rep 2 | Rep 3 | Rep 4 | Rep 5 |
0 std 0.000 0.000 0.000 27 70.816 276 258 118

0.5 std 0.500 0.532 0.032 808 noz 808

1 std 1.000 1.094 0.094 1431 0oz 1431

2 std 2.000 15958 0042 2330 0oz 2330

5 std 5.000 4704 0296 5436 nox 5436

10 std 10.000 9303 -0B97 10538 noz 10538

25 std 25.000 24478 0522 27373 noz 27373

50 std B0.000  50.641 0.E41 56398 0oz 56398

Method | Sequence | Analysis
Dane AS | 5l 8P D -
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The Hydra Il , and the Hydra Il 54

I“\ TELEDYNE LEEMAN LABS
Everywhereyoulook’



Easy Access Gold Trap

Quarter turn opens
4 compartment

Trap assembly lifts off for
access to gold trap
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Typical Signals AF Gold

i Trap material - Teledyne Leeman Labs HydraR - 1.916 [Admin] =L =L

Analysis  View Run Tools Help

J E g U ' lﬂl‘lﬂ M !' | _;'; |ﬁ'.55 . ? |- . - |J Interlock.s I-InstrumentStatus:l IDLE

G- [14 brsand 160 warm- 301 ~ | | Results | ctri Chrt | Report | Recaic |
-] Old style trap material,

=8 Type Asand silanized Trap material - Type A sand silanized trap, Bt
Rasults * Detailed " Statistics C Single & Al —l
Type I Sample D | Extended ID | Conc.l Intensit Units' &
s s100-1 - 345417 opt
c  acs-1 (LIE7.4% 6. 23309 ppt
C  Blank-1 {(Hi0.6631 4980 ppt I
U 10ppt-1 107123 38449 ppt
U hlank-1 0.4868 3gg2 ppt
U swarmp -1 1% H202 -0.3023 999 ppt N
U swamp -1 1% H202 -0.3893 703 ppt
U swamp+20ppt-1 1% HZ202 -0.3381 877 ppt L
U swamp+20ppt-1 1% HZ20Z -0.2511 1173 ppt 1
U swamp-1 10% Hzo2 0.2701 2945 ppt
| U swamp-1 10% Hz2o2 0.2771 2964 ppt
I swamp+20ppt-1 10% Hz202 1.7033 7818 ppt
J swamp+20ppt-1 10% Hz202 2.0618 9037 ppt il
. |I | 1MNmmt-1 = 49700 187AF [alal] :

-
Show Data. | CEW | Print Scan | me )
----- 00U swamp-1 Intensi

----- 0O U swamp+20ppt-1
----- 0O U swamp+20ppt-1
..... DU swamp- 1

..... DU swamp - 1

----- 0O U swamp+20ppt-1
----- 0O U swamp+20ppt-1 @ 5100 L
..... DU 10ppt-1 L
..... DU 10ppt-1 L
..... DU 10ppt-1 =
""" OU blank-1 1671631 .55
«[om 3 0.0

22.3
Elapse Time ~ =
Methodl Sequence Analysis |—
Done [ [ [ |as [s1 [sp[ D [l

m

3118406.5

Raw Data

1

447
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Sensitivity & Precision

TT T T T 1

Elap=e Time - =

1807886 0]
Raw Data 1 <€— 0.5ppt standard
mso -1 | |
=23 i e 3 blanks
Oso.5 -1 : fﬁ_;_th__ﬁﬂﬁqﬂfuf—~_“#’"#’#ﬁj xhhwvﬂiﬂﬁﬁrfph—fHHFFU“H_;ﬁﬁ
=T
1793191 .1 . . . . . | . .
0.0 223 147

AS 51 | 5P D'

Blanks apparent concentrations are less than
0.5ppt and show good reproducibility.

»
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One or Two Traps?

MDC
Power Supply

0 PM
! Tube
ence

Current-to-voltage
Converter

T

Step 2
Analysis

== Collection

USEPA
Method
1631B

43
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117-00106 1631 Compliance Assistance

m 117-00106 On-Site Technical Assistance for Method 1631
Certification

m Two days of on-site training and evaluation by a qualified
analytical chemist wherein we will demonstrate the
operation and assist your laboratory personnel in the
subtleties of meeting the requirements of EPA Method 1631.
Includes site evaluation and recommendations.

m A specialist will co-ordinate the visit with the arrival of a
pretested kit containing calibration standards and reagents iIn
glass containers so that on-site exposure Is minimized. A set
of pre-cleaned glass bottles and standard cups will also be
provided, as well as a tool for purging reagents.
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Benefits of the Hydra Il Arcold

m Complies with Method 1631E

m Tough QC requirements have no flexibility
m Speed

m 3-5 min/sample with amalgamation

m 1-2 min/sample without amalgamation
m Service Options

m Fast, low-cost modular replacements

m On-site service option
m Compliance Assistance

m On-site technical support available

m Part #117-00106 @$4870.00

m Pre-screening

m High concentration samples can wreak havoc on others

m Adaptive Technology
m Convertto CVAAS
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Instrumentation for EPA Water Methods

245.1 & 245.2 CVAAS Hydra Il,, All >200ppt
245.7 CVAFS Hydra Il Wastewaters >5ppt
1631E CVAFS/amalgam Hydra Il \eco All Wastewaters

Hydra 11

Hydra ”AA Hydra IIAF Hydl’a “AFGO|d

’ — T 46
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Combination Systems

m Hydra Il AA
m Add AF transition kit PN 125-00173-1
m Add AFGold transition kit PN 125-00173-2
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Questions?
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