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Determining ecological risks of
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Research and public interest in environmental T | TETRA TECH
effects of MPs is very high
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Some confusion between macro and Tt | TETRA TECH
microplastics?

Agulry

) .. Is the problem really macro-plastics?
¢ MacroplaStICS Clea rly VISI ble Photo shows size distribution plastics from a
typical manta trawl. MPs typically measured
and a cause for concern 0503 mim:

 Macroplastics certainly a
source of MPs




Plastics Permeate the Planet

Plastic polymers and the added chemicals that make them more durable and flexible

have been used in thousands of combinations, found in everything from clothing to

electronics to paint. One of the biggest categories is single-use packaging, such as

plastic grocery bags and soft drink bottles. This prevalence is reflected in the polymers Y
that show up most commonly in the microplastic debris found in the environment.

Common Polymers and Ways They Are Used

Polyethelene Polypropylene
(PE) (PP)

Plastic bags,
storage
containers

Bottle caps, rope,
gear, strapping

Acrylic 2ol methylen
(AC)

Latex paint,
coatings,
medical devices

Automotive parts,
electronics

Polyethelene
terephthalate (PET)

Drink bottles,
textile fibers

Polyamide
(nylon) (PA)

Utensils, cups,
floats, coolers,
containers

Rope, fishing
nets, textiles

Polyvinyl
chloride (PVC)

(@)

Laundry

Pipe, film,
detergent pods, containers
fishing bait

Polyurethane
(PU)

By

Resins, paints

Ship varnish,
construction,
automotive parts

[ ]
Polyester
PES)
Textiles, boats
[ ]

\ 4
Laminated safety
glass (e.g. car
windshields)

How Often Polymers Are Found in Marine Microplastic Debris

Percent of Studies
(o]} 10 20
L L 1

30 40 50 60 70
N

Polyethylene
Polypropyliene

Polyst

Polyamide (nyion) [[INNEG

Polyester

yrene

Acrylic

Polyoximethylene
Polyvinyl alcohol

Polyvinyl chloride |

Poly methyl
acrylate

Polyethylene
terephthalate l

Alkyd

Polyurethane

[}

TETRA TECH

T

Many types of MPs

MPs in many media:
personal care products,
wastewater, stormwater, etc
Challenging to determine
which type(s) of MPs
should be monitored and
evaluated from a risk
perspective

From: Scientific American:
https://www.scientificamerican.com/article/fro
m-fish-to-humans-a-microplastic-invasion-may-
be-taking-a-toll/




Can an ecological risk assessment
(ERA) framework help evaluate risks
of MPs and inform management
actions?
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How is an ERA structured?

Starts with Problem formulation:

: PROBLEM FORMULATION i
< okt I * Identify assessment endpoints:
e i i A E valued ecological resources and
;: specific attributes that capture
g o —— m:,: JEe what we want to protect
I §§ » Ildentify measurement endpoints:
i 1 5 relevant, measurable
; characteristics of valued
X CHAACTERZATION S resources and their attributes
I  Conceptualize what we know,
“"““";“‘“‘”’ what we think we know, and what
Segneims | we want to know
Interasted Paries
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Assessment Endpoints

* Valued ecological resource

e Explicitly defined so that it provides a clear focus for the
assessment

* Provides a link between measurable endpoints and the steps
necessary to achieve the management goal

* Represents a combination of a valued resource and ecologically
relevant characteristics

* Selected based on their relevance to management objectives,
susceptibility to stressors of concern, and ecological importance
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Examples of Assessment Endpoints

 Abundance and spatial extent of striped bass juveniles

 Abundance and distribution of native oysters

e Diversity and abundance of rare or threatened and endangered
species

* More abundant recreational opportunities (e.g., boating, fishing,
swimming)

The more explicit the assessment endpoint, the more risk
analyses are likely to be useful

e.¢. Hig ity fi o .
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Measurement Endpoints

e Measurable attribute of the assessment endpoint

* May use a surrogate indicator for the assessment endpoint in
order to have a measurable endpoint for risk analyses.

Examples

Assessment Endpoint Measurement Endpoint

Diverse pelagic fish community Fish IBI, metrics

Abundant striped bass juveniles CPUE of striped bass juveniles in
surveys

Estuarine benthic macroinvertebrate Diversity of benthic species; proportion

community abundance and diversity of sensitive taxa or species having
certain biological traits

Abundant healthy eel grass beds Aerial coverage of eel grass from

satellite images
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Conceptual Model

Describes pathways between:
= human activities (sources of stress)
= stressors (may be physical, chemical, or biological)
= assessment endpoints

e Should yield predictions or risk hypotheses of how human activities
affect the valued ecological resources

e Based on ecological experience and best professional judgment

 May be assessment endpoint — focused [what stressor(s) most
responsible for risk to valued resource?] OR

* May be stressor-focused [e.g., What is the ecological risk of chemical X at
my site or in general? — may have multiple assessment endpoints] OR

* May be both stressor and assessment endpoint focused

- i i i —N————.,;: it i —— A A_ i————————————H liili i ———————Q i i i lii. AiiiB i I}Ii\ANSMNS...é i hAE.. i iR --s . iAo —— il &d s sANANANANhNhNhNN—N—--., it iiaiins i A ———Hs i i
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Assessment
endpoint-focused:

Scallop abundance
Waquoit Bay, MA



Model Ill: Microplastics Toxicokinetics/Toxicodynamics Macroplastic Ingestion/
.Lim‘n information; low confidence Enta ngl ement

.
-Sonr information; modarate confidence Organlsm
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Egestion Particle Retention Time? Ejection No Absorption

Particle Toxicity/Tissue Damage?

Excretion Particle Retention/Absorption/Assimilation
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Effects/ of Particle of Chemicals Excretion of Particle
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Behavioral Effects

Particle Tissue/ »&  Chemical
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From: EPA microplastics expert workshop June, 2017



Stressor and Assessment Endpoint Focused T | TETRA TECH
Conceptual Model

- X

Other
stressors

Eel grass

. Larval fish

ater column
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Risk Analyses
e |dentify risk hypotheses or Ecological Risk Assessment
testable linkages between | | |FORHFORERATEN .
sources, stressors and " || |||
. d NN 4
assessment endpoints X
(7] - | - 55
e |dentify appropriate ways to 5 T o | ;;)
analyze linkages or hypotheses L 0 i 5
B
: \W/ 2
* Implement analysis plan and 3
. —= 2
interpret results of analyses N
RISK CHARACTERIZATION i
e Often an iterative process as c ) _
H omm:m‘i:::mllgﬁn urts
results are obtained; not & “¢ = ,
necessarily linear process Lo wns .
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Risk Characterization

e Integrates exposure and effects Ecolagical Risk Assessment
| [ProBLEW FoRMULATION
* Traditionally relies on known effect ‘mjn;f;u ~ < 2
thresholds (e.g., LC50s, NOECs), 1 :
species sensitivity distributions, o] O U =§
minimum levels for sustained I i | e
population survival and reproduction o I w:
e |dentify strength of relationships y Y
derived from analyses < K CHARACTER A TION }
* |dentify uncertainties, data gaps, \c°m|/
confounding factors ¢‘°°

Risk Managemsnt anc !
Communicating Results to & -—----------:
Interasted Partiss
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How can we apply an ERA framework to
the problem of MPs?



Traditional ecorisk framework needs to be
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adjusted to be applicable to MPs

Traditional Paradigm Microplastics

. . * MPsm ncom man
* Physical, chemical or forr?]s gypgscgizepsss any

biological stressor is readily challenging to quantify
quantified unambiguously

e Sources of the stressor are * Sources may be diffuse and
. may influence types of MPs;
typically known or assumed MPs produced intentionally
based on BPJ (e.g., microbeads) and MPs
from degradation of
macroplastics

* Laboratory experiments * Effects information may be
often used to provide effects specific to a site, types of
information MPs, etc



Determine MP Exposure: What factors affect MP
exposure to receptors of interest?

[ YN

&

Direct
exposure:
Ingestion of
MPs in water
column and
sediments

Fate of MPs
depends on
relative density
of MP- lighter
ones float while

heavier ones % \
may accumulate R
D

in sediments




Physico-chemical properties of MPs can influence

which type of MPs are available for uptake

Surface
Crystallinity

. {L === | Prioritisation
ol — Framework <

N

Additives

Particle concentration

crosslinking agents,
pigments, dyes, inorganic
fillers, nanomaterials

Surface chemistry

Adsorbed

microorganisms  Molecules Particles and

contaminants
N /

Plastic surface

Lambert et al 2017 IEAM 13: 470-475

Antioxidants, antimicrobials,

TETRA TECH
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What do we know about exposure of MPs to biota?

Fish

Small Crustacea
Large Crustacea
Mollusca
Annelida
Mammalia
Echinodermata
Birds

Cnidaria

Some types of
flora and fauna ot 1;
have been P

IZII 5I 1II} 1|5 EII} 2|5 SID 3|5 -ilﬂ -1:5

studied more % of studies
than others; Fish | [ 71

- O Freshwater

Small Crustacea [ N6
Large Crustacea | 15 B Seawater
Mollusca 29
Annelida 12
Mammalia & B
Echinodermata [
Birds 5
Cnidaria 3
Rotifera [l2
Amphibia [M
Reptilia |1

de Sa et al Porifera |1

I 71 S Field
s ] Lﬂbﬂfﬂtﬂw

Groups of organims

data gaps

Groups of organims

0 5 1Il:|| 1I5 2'u 2|5 3Il:|| 3I5 4II:I 45
Science of the Total Environment 645 (2018) 1029-1039 % of studies




Ingestion of microplastics by fish: what’s the
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appropriate size range? Jovanovic IEAM 2017 13:510-515

Average nr of particles

Sample size Fish with Average nr of per fish only fish Cutoff length of
(nr of fish microplastics particles per that ingested analyzed
Location examined) in Gl tract (%) fish +=SD microplastics + 5D microplastics
MNorth Pacific Gyre &70 35 214578 588+nd MR
Morth Pacific Gyre 141 9.2 011+nd 1.15+nd =700 pm
English Channel 504 36.5 0.7 +nd 1.9+0.1 M A
MNorth Sea 1203 2.6 Y MNSA 200 pm=5mm
Morth and Baltic Sea 290 5.5 0.08 tnd 144+nd 500 pm=5mm
Morth and Baltic Sea 406 23 024 +nd A, 100 pm=5mm
Gulf of Mexico 535 B.2-104 M/A MAA MNSA,
Awustralia and Southern Ocean 342 0.3 0.01xnd Z2+nd =330 pm
South Africa urban harbor 70 73 i8+47 &81+nd MN/&, measured
200 pm=15mm
Tokyo Bay &4 77 234125 306+tnd =200 pm
Morth Atlantic 761 11 0.13+nd 1.2+0.54 250 pm=5mm &%
=3mm
MNorwegian coast 302 3 0.05+nd 1.77 £nd MN/A, measured
3.2-41.7 mm
Coast of Portugal 263 19.8 0.27 £0.63 1.4+0.66 MNSA
Adriatic Sea 125 28 0.39+nd 1.39+nd <5mm
Balearic Islands, Mediterranean 337 58 217 +nd 3.75+0.25 7-5mm
Spain, Atlantic and Mediterranean 212 17.5 0.27+nd 1.56+05 MNAA measured
0.38-3.1 mm
ltaly, Mediterranean 121 18.2 0.24+nd 1.32+nd M/A measured

0.63-164.50 mm

Turkey, Mediterranean 1337 58 1.36+n.d 236+tnd 26 pm=5mm




MPs in fish: Function of relative abundance or feeding
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behavior?

O Fragment ’;‘y Polyethylene
B Bead 4(;/ O Polypropylene
Filament % B Polystyrene
(] Foam O Other plastics

Figure 3. Types of plastics recovered from digestive tracts of Japanese anchovy (Engraulis japonicus).
(a) Percentage by shape. (b) Percentage by polymer.

Tanaka and Takada 2016, Scientific RepoRts | 6:34351 | DOI: 10. 1038 / srep34351
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MPs a vector of contaminant exposure to aquatic life? i

YA x:x Wardrop et al 2016. ES&T 50: 4037-4044
e, — !32:‘ — Rainbow fish PBDE concentration
o 1 after exposure to food only, clean

microbeads (MBs), MBs spiked
micopasis e with PBDESs, and PBDE
concentration on sorbed MBs

H Food Only EClean MBs B MBs + Sorbed PBDEs
12.00 -
C
10.00 -
8.00 -

6.00 -

4.00 A

2sPBDEs ng g ww

2,00 1

0.00 -




How important is indirect exposure of MPs?

Uptake of MPs
from food sediments

items; trophic
transfer
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Trophic transfer of MPs a critical pathway?

a5 Number of particles per scat subsample - seals

30 -
Evidence that seals

obtained MPs from
ingesting fish that had
accumulated MPs

25

|

20

|

15

|

‘3 \\Q"'

Polymer

\‘\«

Nelms et al 2018
Environmental Pollution 238 (2018) 999—-1007
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What Do We Know About MP Effects on Biota?




Studies have examined effects of different MP

types, locations, and type of species

Mortality
Reproduction
Neurotoxicity
= Biotransformation enzymes
= Genotoxicity

80% -

E B
90% A
E B

70% 1
60% -

50% -

40% -
30% -
20% -
10% -
0%

10 29 7 2. a7

u Physical effects
Behavior effects
Oxidative stress
= Cytotoxicity
= Blood and Hemolymph parameters

8 16 2

%

TETRA TECH

Fish Crustacea

de Sa et al

Science of the Total Environment 645 (2018] 1029-103%

PE | ps | Pvc | PE | Ps | PP | Pvc | PES | PA | AC

PE | PS
Mollusca

P

m

Annelida

|PS|PVC PEI:PS PS'J

Echinodermata [Rotife




Physical effects well described for some fish species
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- particularly larval stages, icthyoplankton

Starvation due to MP blockages in gut

Mobility effects - reduced predator avoidance

Consumption of MPs over actual prey, reduction in feeding
performance

Apparent satiation from ingestion of MPs but lack of nutrition -
poor growth, eventual death

Intestinal perforations, ulcerations, and other mechanical injuries
from sharp MP objects




European perch growth with polystyrene MP

exposure
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Lonnstedt™* and Eklov, 2016, Science: 352



Effects of polystyrene MP on European perch survival "Tt| TETRA TECH
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Lonnstedt™* and Eklov, 2016, Science: 352
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Behavioral effects

European perch activity and movement in response to polystyrene
MP exposure

A 43 a B 190 a C 7o
C
16 . = 180 60 v
.5'1; 44 T E ab - . L
= 170 ~
E 42 [ E T g b
@ 2 160 o 40 T
2 40 b E J 5 2 a <
s 38 2 g 30
5 T 5 150 T E
g s I D 140 g 20
S 34 = =
= E 130 J 10
32
30 120 0
Control Average High Control Average High Control Average High

Fig. 1. Fish behavior when exposed to polystyrene microplastic particles. Mean (£5E) number of (A} lines crossed (a measure of activity), (B) total distance
moved (mm), and (C) total time spent inactive (s) for 10-day-old P. fluviatilis were affected by microplastic concentration (control, average, or high).

Lonnstedt™* and Eklov, 2016, Science: 352




Toxicological effects of MPs? T TETRA TECH
Mortality “ Physical effects Reproduction
= Behavioral effects Neurotoxicity Oxidative stress
= Biotransformation enzymes = Cytotoxicity = Genotoxicity
= Blood and Hemolymph parameters = Oxidative damage = Contaminant accumulation
100% - 2 M| 3 3 2 4 4 4 2 2 4 12 2 2 4 & 4 == 4
90% - | B B % = E g 5 B | '
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o ‘ vc . ; c
s | 2|5 | & |48 | % 2| X[ 2| 5|2 2|3 4B 22| 4
2 % 5 | B 5
Z|2|5|2|8] 2 | 2|2 |8 |=|2|3|e|a|z|g|5g|g|8
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g 2| 2 3 a e
S £ ] £
© £ =
; :
e S
PE PS PVC PE PS PP PE PS |PVC | PS | PVC
Fish Crustacea Mollusca Annelida

Studies suggest effects of different MPs with adsorbed metals, PCBs,
pharmaceuticals, pesticides, endocrine disrupting compounds;
But jury still out

de Sa et al
Science of the Total Environment 645 (2018] 1029-103%
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Risk Characterization: Integrating Exposure and Effects

Challenging to
characterize risks without

clear effects thresholds of Sedimm \ ‘

MPs

May be more tractable if
focus on effects of
particular types and size
range of MPs using
controlled lab and field
studies




Path forward using ERA framework Te| TETRA TECH

e Set spatial/geographic boundaries for the ERA
= Chesapeake Bay?

= Potomac estuary?

* Identify assessment endpoints
= Striped bass population characteristics?
= Blue crab populations?

= Qyster populations?
= Others?




'l'.b TETRA TECH

Path forward using ERA framework

 Which measures of MP exposure and effect can be compiled and
analyzed fairly readily based on existing monitoring information
for desired assessment endpoints?

e How well do the data and measures reflect the assessment
endpoint?

 What resources are needed (new studies, funding) to obtain
desired measures of exposure and effect?




Critical Data Gaps and Uncertainties
from an ERA Perspective



'l'.b TETRA TECH

What are some of the critical questions/unknowns?

 What is the true exposure of aquatic organisms to MPs?

* Are the size fractions of MPs usually being sampled appropriate
from an ecological exposure and effects view? What is the
occurrence and potential effects of MPs smaller than 300
microns?

* Are adverse effects on aquatic biota possible at concentrations
found in worst-case scenarios?

e Can metals and trace organic compounds adsorbed to MPs be a
risk concern, given their concentrations in nature and chemical
uptake rates?

From G.A. Burton WERF White Paper 2017
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Challenges ahead

* No standard methods exist for sampling and quantifying MPs, making it
difficult to compare studies or reliably predict exposure, effects,
hazards, or risks.

* Improved MP exposure models for effluent discharges and other sources
into receiving waters are needed to predict whether MPs may be a
stressor of concern.

 Measurement methods for MPs vary significantly and there is no
universal protocol for sample preparation, which can make results
difficult to compare.

 Much of the effects information for MPs stems from direct exposure
studies; indirect effects due to trophic transfer have been less explored.

 Need more infromation relating organismal effects of MPs to population
level consequences
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Thank You!

Jerry.diamond@tetratech.com



