Q

Heavy Metal Concentrations In
Wastewater Effluent

MPUA Annual Conference
TanTara Resort

September 25, 2009

Tom Wallace

Ge 0) Syn tec

consultants







2005 Metals Criteria Changes

Cadmium
Chromium Il and VI
Copper

Lead

Nickel

Silver

Zinc
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Percent Reduction in Chronic Criteria
(Hardness = 150 mg/L CaCO3)




Percent Reduction in Acute Criteria
(Hardness - 150 mg/L CaCO?3)




Water Quality-Based Effluent Limits

Metals Limits are Proportional to
Water Quality Standards




Implications

A Lower effluent limits for metals at
permit reissuance

A Potential permit violations
Alncentive to reduce metals sources
A Potential need to revise local limits

A Frustration if sources cannot be
reduced and violations occur






Options:

A Load reduction??
ATreatment??

AModify effluent limits with site

specific data??



Suggested Approaches (o
Address Limits

A Check the assumptions and calculations us
for the effluent limits



Water Quality-Based Effluent Limits

A Can be Revised over Time to Better

Reflect Site Conditions



Suggested Approaches to
Address Limits

A Check the assumptions and calculations us
for the effluent limits

A Coefficient of Variation



Chromium VI, Total Recoverable. Protection of Aquatic Life Acute Criteria = 15 pg/L. Backgrounc
=0 pg/L. Only acute criteria apply for receiving waterbody:.

Acute =15.0/0.982 =15.3 pg/L
C.=((39.4 +0.0)15.3 - (0.0 * 0.0))/39.4
Ce=153 ng/L
WLA, = 153 ug/L

LTA, = 15.3(0.321) = 5.0 pg/L [CV = 0.6, 99" Percentile]
MDL = 5.0(3.11) = 15.6 ug/L [CV = 0.6, 99" Percentile]
AML =5.0(1.55)= 7.8 ug/L [CV = 0.6, 95" Percentile, n 4]




Suggested Approaches to
Address Limits

A Check the assumptions and calculations us

for the effluent limits
A Coefficient of Variation

A Hardnessi Stream chemistry
- 150 mg/L is generally assumed

- Actual may be higher (25th percentile)



Translators

Chromium VI, Total Recoverable. Protection of Aquatic Life Acute Criteria = 15 pg/L. Background

=0 pg/L. Only acute crijeria apply for receiving waterbody.
Acute =15.0/0.982 ¥ 15.3 ug/L

Ce=1((39.4+0.0)15.3—-(0.0 * 0.0))/39.4
C.=153 ug/L
WLA, = 15.3 ug/L

LTA, =15.3(0.321) = 5.0 pg/L [CV =0.6, 99" Percentile]
MDL =5.0(3.11) = 15.6 ug/L [CV = 0.6, 99" Percentile]
AML =5.0(1.55)= 7.8 ug/L [CV = 0.6, 95" Percentile, n = 4]




Translators 101
AAdEA XiiQ O-AOAIT O 011 EAU
Total recoverable to total dissolved metals
Ano! AAOCGAT T PAA OAIT 1T OAOOE
historic toxicity data

A4 EAOA OAIT A OOOAT O1 AOT 00
- EOOI OOE 71" %, 60

A Default translators are likely conservative
A EPA encourages sitgpecific translators



4 OA1 Ol AOI OO

Metal

Arsenic
— - *
Cadmium

Chromimum (III)

Chromium (VI)

Copper
Lead *
Mercury
Nickel
Silver

Zinc

1.000
0.944
0.316

0.982

0.998
0.85

0.978

Conversion Factors

Chronic
1.000
0.909
0.860
0.962
0.960
0.791
N/A
0.997
N/A

0.986

S dz




MDNR Translator

Language in Permits

e Metals
Effluent limitations for total recoverable metals were developed using methods and procedures outlined
in EPA/505/2-90-001 and “The Metals Translator: Guidance For Calculating A Total Recoverable
Permit Limit From A Dissolved Criterion” (EPA 823-B-96-007). General warm-water fishery criteria
apply and water hardness = 264 mg/L.

Due to the absence of contemporaneous effluent and instream data for total recoverable metals,
dissolved metals, hardness, and total suspended solids with which to calculate metals translators,
partitioning between the dissolved and absorbed phases was assumed to be minimal (Section 5.7.3,
EPA/505/2-90-001). Freshwater criteria conversion factors for dissolved metals were used as the
metals translator as recommended in guidance (Section 1.3, 1.5.3, and Table 1, EPA 823-B-96-007). If
concurrent site-specific data for total recoverable metals, dissolved metals, hardness, and total
suspended solids are provided to the department, partitioning evaluations may be considered and site-
specific translators developed.



SiteSpecific Translators

A Favorable option if limits may be violated
A Resulting limits are generally increased
A Limits can be revised without a rule change

A Needs an MDNR approved field sampling
plan (QAPP)




Table B-1. Comparison of average [ data from three locations in the U.5. Three different
calculation methods are used with the Pima County data.

Pima County, AZ

-——




Translator Field Sampling Plan

A Identifies sampling frequency and location

A Quality Assurance Project Plan (QAPP)

A Should use Trace Metal sampling (EPA
Method 1669) and Analysis (Method 200.8)
methods

A Data validation, analysis and translator
calculation approach



Translator Field Sampling Plan
(cont %d)

A Requires a statistically representative approact
A Stream/effluent dynamics must be considered
Mixing zones
Diurnal and seasonal variations
TSS and pH considerations
A Critical condition
Low flow or adsorbent based??

A Method detection limits (must be very low)
Conduct preliminary monitoring to confirm



Translator Calculation

fo=G/C.  (Direct Method)

fr=(1+Ke TIgRaltition Coefficient)



Current Translator Study

A First municipal translator QAPP in Missouri

A Preliminary data:

G Favorable for copper

G Zinc unchanged

G Low TSS

G Method 200.8 more accurate



SiteSpecific Criteria

Developed for a specific receiving water body or
region.

A Three appropriate conditions
(10 CSR 23.031 (4) (R))

1. Natural adaptive processes
2. Composition of aquatic life is different

3. Natural physical and or chemical characteristics



Stes peci fic Crit

3. Physical and or chemical characteristics
Water effect ratio

Biotic Ligand Model (BLM)



Water Effect Ratio

A 10 CSR 20.031 (1)(X)

Water effect ratio: Appropriate measure of
the toxicity of a material obtained in a site
water divided by the same measure of the
toxicity of the same material obtained
simultaneously Iin a laboratory dilution wate



Water Effect Ratio

A Requires laboratory toxicity assays on
effluent and receiving stream

A Streamlined and nosstreamlined
approaches



Biotic Ligand Model (BLM)

AModels bioavailability of metals based
on water chemistry measurement

ALigand defined



Biotic Ligand Model

Windows Interface, Version 2.1.2

A%0! 600 Wwodré OAOEOAA Al DD
AAOAADLG
A Water quality inputs:
- temperature
- pH
- dissolved organic carbon (DOC)

- calcium, magnesium, sodium,
potassium, sulfate, chloride,

- alkalinity



Assessing the Effects of Metals

Tne Biorie Livaad Wy lodael Cileilzirtod:s

FORMATION OF COMPETITIVE BINDING
_METAL COMPLEXES AT GILL

POC
DOC

(ol P

CI' caz-l-
: Mgz"' Hardness “The 3 C’s”

. Concentration
etc.

Complexation

Competition




. Biotic Ligand Model, ¥ersion 2.2.1 - Instantaneous Cu WOC: Callaway Creek.bim 8] x|

File Edit Inputs | Help
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Site Label Sannple Label Temmp. pH Cu noc Het Ca Mg Ma k. S04 Cl Alkalinity 5|«
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Longitudinal Criterion Prediction
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Site Specific

2. Composition of aquatic life is different

Species recalculation

A Recalculate criteria based on taxa present
the waterbody

A Add or delete taxa from the national toxici
database

A 8 Family Rule



1) Salmonidae

2) A second family in the cla@steichthyes




