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';.' Water Quality Guidelines for Phototoxic PAHs
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':’v Water Quality Guidelines for Phototoxic PAHs
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'f: Problem Formulation

Below the water surface?

» Directly measure irradiance

» Determine the light attenuation
Spectral Light coefficient, k, of the water column
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’:’v Proposed Solution

Modified Tropospheric Ultraviolet and Visible
(TUV) model

Solar position - Kd (m?)

> Location Attenuatlon of downward

> Date & time |rrad|ance inthe water column
Atmospheric conditions ~as fu“Ction of wavelength

> Cloud cover for the range of applicable
> Ozone column : ﬁ‘-:‘-‘ £ wayelengths

> Aerosols ¢ £ n b da g

Water surface albedo 3 TE

Water depth

Exposure duration

7 25 September 2024° AR 7 S



';'v Example Molar Absorption Spectra
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Light Attenuation Coefficient?

Measurements of downward irradiance using a radiometer (vertical
profile) and exponential fit to the irradiance versus depth (Beer-Lambert

expression)
Remote sensing satellite data of reflectance

Estimated from the inherent optical properties (IOPs) related to the light
absorbing & scattering components (or water quality parameters)

Kd ( m'l)

attemjatlon of downward

irradtan;e |n the water column
b Qi!s*'
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Results of the Literature Search - Summary

Freshwater & Marine Environments
Freshwater k; model at reference wavelength (305 nm)

kgs05 = A305[DOCTP305 + kyygrer

Spectral k; model (marine and freshwater)
kq(A) = kg 305e5K305~

Freshwater model validation
Marine k; model
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':‘»' Data Compilation - Freshwater Environment

ka
DOC | wavelength CHL-a Tss* Number | Paired
Study Range Or (mg/m?) (g/m?) of DOC-k4 Use
(mg/L) | waveband & 8 locations data

(nm)
Morris et al (1995) 305 45 MD & cv
Lakes in Alaska, 320 0.02 - 64
Colorado, 02'245 0-51 7.36 45
Pennsylvania, and ' 340 (PM) 64 v
Argentina 380 63

305 30 MD & CV
V.-Balogh et al 313 0.96— 30
(2009) 1.21- 320 1.45— 188,53 30 30
Shallow lakes and 61.45 340 152.96 (1SS .Alg) 30 \Y
ponds in Hungary 380 ) 30 .

ot = 10 studies

, 305 6 | mpacv| 877 paired DOC — k4 data points

Smith et al (2004) .
Laurentian Great | 2.43— 325 08— | 0.78- ) 6 173 locations
Lakes and tributary | 8.00 340 13.1 4.56 6 V
rivers

380 6
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':‘»' Model Development & Validation

ka
DOC | wavelength CHL-a Tss* Number | Paired
Study Range Or (mg/m?) (g/m?) of DOC-k4 Use
(mg/L) | waveband & 8 locations data

(nm)
Morris et al (1995) 305 45 MD & cv
Lakes in Alaska, 320 0.02 - 64
Colorado, 02'245 0-51 7.36 45
Pennsylvania, and ' 340 (PM) 64 v
Argentina 380 63

305 30 MD & CV
éb%;';’gh etal o1 Z;i Las 0.96 ;g model development & cross
Shallow lakes and | 61.45 340 152.96 (Tlsi':’f) 30 30 v validation (MD & CV)
ponds in Hungary 380 & 30 3 studies, 81 datapoints

395 30

305 6 MD & CV - -of-
Smith et al (2004) In-sample & out-of-sample
Laurentian Great | 2.43— 325 0.85— 0.78 — 6 6 validation (V)
rivers

380 6
12 25 September 2024° ARIS



';': New Model with Combined Dataset

» Predicted light absorption sensitive to k;= new model
with expanded dataset

Morris et al (1995
Model orris et al ( ) All Data Combined
Study
Number of data points 45 81
Standard deviation on ky data 22.5 48.8
Residual Standard Error 4.65 16.17
asos 2.67 1.28
bsos 1.25 1.31
Least-squares nonlinear fitting procedure
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':’»' Power Law Model for Reference Wavelength

kq3os = 1.28[DOC]*3 4 0.13

0 20 40 60
DOC (mg/L)
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'f: Cross Validation Results

> Leave-one-out cross validation (LOOCV) method

Model Morris et al (1995) All Data Combined
Study
Number of data points 45 81
Standard deviation on ky data 22.5 48.8
Root Mean Square Error (RMSE) 5.59 17.14
R 0.946 0.875
Mean Absolute Error (MAE) 3.01 8.65

» Effect of other water quality parameters

» Model to data ratio
» Various wavelengths
» In-sample and out-of sample (877 paired data points)
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';': Additional Model Comparison

» Effect of other water quality parameters

» Model to data ratio
» Various wavelengths
» In-sample and out-of sample (877 paired data points)

over-estimated
by factor > 2

0,
m Model : Data > 2 Model : Data < 0.5 Model : Data > 10 =

Morris et al (1995)
dataset

Combined model
(81) 69 198 0
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';': Spectral k; Values

1.2

G1

Wavelength (nm)

Markager & Vincent (2000)

7 lakes in high arctic Canada
& literature review

kq(A) = kgz05€5KB05~D
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’:’v Marine k; Model

» Function of CHL concentration (literature search and data analysis)
» Applicable depth is low -> limited attenuation expected

» Non-site specific default value:

kd,305 == 14‘ m-’I

» Spectral k; model (marine)
kd(}l) = kd,gosesk(305_/1) ; Sk = 0.014 nm!
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’;': Model Structure

Site
Specific
|

Wat Atmospheric Attenuation
atet conditions coefficient
surface

albedo

Location Water depth

: 0.25m (0.07) cloud optical f
B | onoitude . reference
g (rivers) depth (0) "no wavelength, A e.g. freshwater ky model
cloud cover" * User input of DOC
concentration (g C m3)

e Attenuation * kg30s5 = function of
aerosol (regional coefficient at [DOC]
climatology data) Ao, Ka S, =0.018nm™?!

* Ao =305nm

= clevation marine

Spectral slope,
(under overhead ozone Sy

consideration (regional /
latitudinal)
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’:’v Model Structure

Molar Absorption Spectra of Anthracene, «(A)

8
8

e.g. anthracene .

Chemical
Specific

’o...

Molar Absorption (L/mol/cm)
— nN w » w a ~ -] -3
- 8 8888 88 8 8

narcotic LC50, molar absorption
NLC50 coefficient spectra

280 300 320 340 360 380 400 420
A (nm)

» 48-hour exposure, June 21 (maximum daylight)
» Model discretization

» Time (hourly)

» Wavelength (1 nm)
» Key assumptions and limitations
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Thank You

Parisa Jourabchi
parisa@arisenv.ca
778-859-1121
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