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Toxicological effects of tire wear particles on mummichogs and fathead minnows
Stephanie B. LaPlaca, Peter van den Hurk CLEMS"‘N

. Clemson University, Clemson, SC v E R S
[ Background } [ Results — EROD Assay
. . . . .. Fathead minnow (P. promelas) EROD Activity, Mummichogs - Experiment A EROD Activity, Mummichogs - Experiment B
Recent studies on the distribution of mlcropla.stlcs in the Cha.rleston from Experiment C with tire wear R R
Harbor, SC, revealed that a large part of the microplastic particles that are particles in intestinal tract. £40 £ 40
found in the intertidal sediments are tire wear particles. These particles 5’35 g3
originate from the wear of tire treads on roadways, and wash into the %22 i‘é” >0
. . . . . . = 25
estuary during rain events. The synthetic rubber in car tires consist of a . = S
. . . . Results — Bile Fluorescence 220
large variety of chemicals, which can be different between brands, but 2 15 2 .
psually contains styrepe-bu‘Fa.dlene rubber, carbon black and zinc. To Experiment A - Mummichogs (0.3, 1.9, 6.0 g/I) 510 g 10
investigate the potential toxicity of tire wear particles, both fathead w5 s
: . : : Bile fluorescence for 2-ring, 4-ring, and 5-ring PAHs in Mummichogs, Experiment A 0 0
minnow and Atlantic killifish were exposed to different concentrations of 3000 * 0.33
. . . . . - 2-ring mean T * TWP Concentrat|on g/I TWP Concentratlon (g/)
tire crumb particles (38-355 um) in a 7 day exposure. Dissection of the 4-ring mean —
fish revealed that particles were ingested and accumulated in the _>>%"" B 5-ring mean e EROD Activity, Fathead minnows - Experiment C
intestinal tract. 3 x _ 99
+ 2000 o _ =
. . . . . = 0.7
To investigate if polynuclear aromatic hydrocarbons were leaching from S E°
. . . . [, c 0.6
the particles, bile fluorescence was measured, together with potential S 1500 3 o
. . .y v -
induction of cytochrome P450-1A through the EROD assay. In addition, 2 - s,
glutathione S-transferase was measured as a general stress parameter. SE =
: 500 i * S 02
[ Research Questions } - 5 o1
’ 0 0.3 1.9 >0
1. Do fish ingest tire wear particles (TWP)? TWP Concentration (q/1) WP Concentaton 1
2. What toxic effects can be measured from exposure to TWP? Experiment B - Mummichogs (0.1, 0.33, 1.0 g/1) [ Results — GST Assay }
2a. Do fish absorb PAHs leaching from TWP? Bile fluorescence for 2-ring, 4-ring, and 5-ring PAHs in Mummichogs, Experiment B - - -
] ] _ _ 3000 - 2 i GST activity, Mummichogs — Experiment A GST activity, Mummichogs — Experiment B GST activity, Fatheads — Experiment C
2b. Is a biological response as induction of “ring mean = 1100 = 550 _ - 250 x
_ _ 4-ring mean £ 1000- - E 500- E 2000-
biotransformation enzymes (CYP1A and GST) observed? ~2°% B 5-ring mean . £ foo E 17501
= o T 3 o 1500+ —
E 2000 E (7588 I E ggg —_ E 1250+
| Methods [ * + [ - (_
© * * ERbeed el & 500-
2 1500 T 4 + 0
EXpOSllre set up: § i ° 03 1.9 6.0 ° " 01 033 10 T3 03 1.9 6
. . . —~ ncentration ncentration TWP concentration (g/l)
- Fathead minnows (P, promelas) from Clemson University culture o e TP concentration (61 TP concentraton (G ;
- Mummichogs (F heteroclitus) collected from North Inlet - Winyah Bay £00 ) C lusi
NERR, SC i [ onciusions }
O B R—
- Micronized tire particles, commercially obtained (size 38-355 um) L 33 1 . " . . .
. . TWP Concentration (g/I) 1. Fish are more sensitive to tire wear particles than grass shrimp.
Experiment A - Mummichogs, 0.0,0.3,1.9, 6.0 g/I . . . .
. . _ _ - Shrimp: no mortality at 100 g/1 (Gray & Weinstein, 2017),
Experiment B - Mummichogs, 0.0, 0.1, 0.33, 1.0 g/I Experiment C - Fathead minnows (0.3, 1.9, 6.0 g/1) . .
fathead 409 | 6 g/l
Experiment C - Fathead minnows, 0.0, 0.3, 1.9, 6.0 g/I athead minnows 40% mortality at 6 g/1.
yomrEy mEE ey e Bile fluorescence for 2-ring, 4-ring, and 5-ring PAHs in Fathead minnows, Experiment C
. e . . _* 2. Major route of uptake & exposure to tire particles is ingestion.
- 5 fish per concentration, individually exposed in 4L jars 20000 ™™ 2-ring mean ] P p P 5
- 7 day static-renewal, water & particles renewed every other day — g'r?ng mean 1 3. PAHs from tire particles are absorbed in the fish, processed in the
o) -ring mean _ _ _
Biomarkers: 5 o0 * liver, then excreted into the bile.
Bile Fluorescence - fluorescence units were measured at wavelength pairs s . 4. Exposure to tire particles leads to upregulation of CYP1A and GST
typical for 2-ring, 4-ring, and 5-ring PAHs 2 50000 - ) enzyme activity in both mummichogs and fathead minnows.
Cytochrome P450-1A (Ethoxyresorufin O-deethylase [EROD] assay) 2
. . L < 5. EROD activity may be suppressed at concentrations > 1 g/l in
Glutathione S-transferase (GST assay using 1-chloro-2,4-dinitrobenzene) S S _ y Hdy PP oncentrations 8/
10000 ) mummichogs.
. ; 6. Biomarker responses show effects at environmentally relevant
o I j— E= . . .
0 0.3 1.9 6 concentrations of tire wear particles (1 - 2 g/1).
TWP Concentration (g/l)
Average fluorescence units per pl of bile. Asterisks indicate significant [ Future Work }
differences from the control treatment (0 g/1). Significant increase in
‘250 i bile fluorescence, indicating exposure to PAHs, when exposed to TWP. - Composition of tire particles — which compounds are leaching out?
: : References: Gray,AD,\(Nertz,)H,Leads,RR,Weinstein, JE. (2f(f)18).l\;licroplasticin two South Carolina estuaries: Occurrence, distribution, and composition. Marine Pollution Bulletin, 128, 223-233. Gray, = Variability in pH Or Salinity may impaCt leaChability.
AD and Weinste%n, JE.(2017). Size and shape dependente 'ectso microplastic pal.‘ticles on adul.t daggerblad.e grass shr.imp, Palaemone.ntes'pgg;'z. l;::ginomgzizchggicgiogj; gendui?ﬁmis,itr)e/;r.zflgll), . . ] . ]
A, B, C: Images of tire wear particles collected from the Cooper and Ashley Rivers, South Carolina ggevig%‘ljgr'gl%i%{{%%‘%ﬂi%%%‘gzigozgfggi"6‘;‘5‘.‘2?;‘5;533;?ﬁﬁi‘fﬁfﬁ‘z33‘2f.%‘ii:‘51‘0?;222itfé‘ﬁit;?:o°£;;“ee;£iﬁfﬁu‘ﬁfﬁi‘if;dimr‘;asedbﬂiierdm‘exﬁeﬁonbydmixtfrijf,f - Trophic transfer of tire particles and their absorbed contaminants?
ggorrrlld;/\rlleclnstegn it a;(j(gOlg) M‘igoplaitlc contaminationin Coastal South Carolina: Sources, trophic transfer, and igknm]_edgg?ﬁnm:]ohr.w;eins:in, Ral;:hzill;ela{ds,Sara}{Kell(TheCitadel, College of Charleston); John Smink (Clemson University); SC Sea Grant Consortium, award N468 (R/ER-46). - Repeat exposures With larger fiSh and larger Sample Size.
u € 111 D101a. ea uran eport or more information: Stephanie B. LaPlaca, slaplac@clemson.edu
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