_ SCAT DETECTION DOGS: A NONINVASIVE/NONDESTRUCTIVE APPROACH
s FOR THE ENVIRONMENTAL ASSESSMENT OF BFRs

WORKING DOGS Mark J. La Guardial”, Ngaio L. Richards?3 and Robert C. Hale

g \ for CONSERVATION

Virginia Institute of Marine Science, William & Mary, Gloucester Point, Virginia, USA, 23061
Working Dogs for Conservation, Bozeman, Montana, USA, 59771, 3William R. Maples Center for Forensic Medicine, University of Florida, 4800 SW 35th Drive, Gainesville, Florida, USA, 32608
(*markl@vims.edu)

Abstract: A prior exploratory study led by Working Dogs for Scat collection: Searching by scent rather than sight, Method validation (continued):

Conservation (WD4C) in Montana confirmed that dispatching detection dog-handler teams help eliminate survey bias and offer . . PEDE
: : Figure 7, SRM-2781 analysis: _
dog-handler teams to gather otter and mink scat for aquatic comprehensive coverage of an area (see Figure 3). They :
& ] _ & ) ] ) o 9 often make finds in ‘unexpected’” or previously  PBDEs and alt-BFRs (except BTBPE) results are | ..
contaminants analysis considerably increased sampling efficiency and undocumented places. During the exploratory study, the | . = e similar to published SRM data (Davis et al. | : ] b 3
sample size. Building on those findings, additional target scats were dog-handler team’s highest and lowest scat find rates for | [Fiiie 2012)°, indicated by low Relative % Difference e s soes e s socsst sorses e sc20 s
collected by one of the dog-handler teams for development of a mink were 20.5/km and 0.3/km, for otter 5.9/km and | BlE cidiin (RPD) values T Somesen
formalized analytical method for the analysis of brominated flame 0.4/km,  respectively. ~ An informal  performance | FEEE S E * << difference between total-PBDEs, 0.36% RPD |, oHBFRs
Y . . Y comparison between a dog-handler team and an i o Wy T R e L B s i * > discrepancy between BTBPE values, 107% RPD g
rEtardantS (BFRS) therelno FrEEZE'drled Scat Samples were eXtraCtEd experlenced surveyor along a 2 km Shorellne ylelded an thoroughly cover a survey area working together e HBCDD Values compare W|th NIST Certlfled ;'z N
with dichloromethane. Extracts were purified by size exclusion and silica 11:1 otter scat find rate (Richards et al. 2018). Handler’s path purple, Dog’s path orange values?, RPD 14.3% for total-HBCDD i w
gel liquid chromatography and analyzed by ultra-performance liquid .
chromatography (UPLC)/atmospheric pressure photoionization (APPI) Samples: Mink and otter scat samples (Figure 4) were collected by a dog-handler team from a ) rDeuprlclafjaJceib?I:lalyliliT) rr);zdtejczed 4g4c2/001|cofr|]_:,a|3l\|/5tlggl N HBCDD
tandem mass spectrometry (MS/MS) for BFRs: polybrominated diphenyl small tributary of Madison R. and near a fishing access point on the lower Bitterroot R. Both sites 180 509 \(/’Sample 519WDSOSO Figure 8’ % 1 -
ethers (PBDES), hexabromocyclododecane (HBCDD), 1,2-bis(2,4,6- are in relatively rural locations of westgrn Montana (MT), USA (Flgu.re 5). Additional samples w?re below) ;_g : -
) collected from the ground of the penning area at a now-defunct mink farm, those samples having 2 -
tr'bromophenoxy)Ethane (BTBPE), 2-ethylhexyl 2,3,4,5- been outside for >3 years when collected. " akeoo | pecon | yHBD | toakHecop
tetrabromobenzoate (EH-TBB) | and bis(2-ethylhexyl) Results (native scat analysis):
tertabromophthalate (BEH-TEBP). Mink and otter scat samples Figure 4, Mink and otter scat samples ‘
. . o o o -1 o o .
contained several BFRs, ranging from 129 — 5130 ng g1, lipid weight. L | e Location AL A Pl OtterSt v ——
ot Voot I ot suront o oE BLTEDUM 2 Ouer  MadsonRiver T
etnoa Vvaillaation inciuaged 4dnailysis Ot Ssurrogate an Spike _ _ . . . . . . . . . . . .
location,  Bitterroot  Bitterroot  Bitterroot = Madison Madison  Bitterroot  Bitterroot Bitterroot Mink Farm Mink Farm Mink Farm
- d I' t I d th I H f NISTI St d d Aug' 2018 3 Mlnk Mlnk Farm’ MT date 9/18 9/18 9/18 8/18 8/18 4/19 9/18 9/18 8/18 8/18 8/18
recoveries, up .Ica € analyses an e. analysis o > andar Sept. 2018 5 Mink Bitterroot River, MT Species Mink Mink Mink  Otter  Otter  Otter Mink Mink Mink Mink Mink
Reference Material (SRM) #2781 (domestic sludge). Apr. 2019 . Otter Rittarroot River M BDE-47 973 207 nd nd nd nd nd nd nd nd nd
: ’ BDE-99 321  9.28 111 206 320 207 278 315 57.6 478  59.8
Introduction: Scat (i.e., feces), particularly of sentinel species, BDE-100 33.6 10.5 142 20.5 31.9 40.0 53.2 373 7.09 nd 117
is a useful noninvasive/nondestructive media for evaluating - i i i i I i i i i 151
contaminant exposure in wildlife. Contaminant levels e.g. Sample preparation and analysis % *: —_— ——e
polychlorinated dibenzofurans (PCDFs) and polychlorinated ‘ + Samples, freeze-dried and homogenized ‘_,;:?g*z’;;:.zf:.:*i:" BDE-209 nd 31.5 444 87.7 68.1 92.8 45.8 4018 296 1933 1731
biphenyls (PCBs) in the scat of mink and otter have been shown e AR N . ~1 gm, Enhanced solvent extraction s NIRRT W EH-TBB  nd 599 532 nd nd 169 185 345 757 139 120
to COFFE'éte_ with .their liver a.m_j adipose tissue |eve|_5-1' 2 ::g;rr:erllts gffnh:gnedf;tfir&ylftﬁ « Accelerated Solvent Extractor (ASE 200), Thermo Scientific/Dionex E;FEL'I nd nd 9.75 nd nd 324 723 823 352 123 429
However, it is Iat?orlous and/or difficult to locate enc?ugh viable atrine.hidden in an offshore log: ¢ Size exclusmn chromatography TP p— i i " - 65.0 i i B 16
scat samples. Richards et al. (2018) recently confirmed that jam. (p/RZ;%Rcre:lLT)Manmse * Envirosep-ABC, 350 x 21.1 mm, Phenomenex Total-
detection dogs could simultaneously and reliably find otter and T * Silica gel liquid chromatography BERs 163 264 760 129 132 242 158 5130 °66 2720 2340

e 2gm silica gel (glass) columns, Biotage
 Fraction #1, 3.5mL hexane
* Fraction #2, 6.5mL hexane:DCM (60:40)

 UPLC/APPI - MS/MS analysis for BFRs
* Acquity, Ultra Performance Liquid Chromatography, Waters

mink scats (as confirmed by genetic testing) and preliminary
analyses showed residues of brominated flame retardants
(BFRs) could be detected therein.3 However; the requisite lab
capacity does not formally exist to analyze BFRs in wildlife fecal
samples.

 Multiple BFRs were detected in all samples, 100% detection rate

* Total-BFRs range 129 - 5130 ng g™

 BDE-99 was detected in each sample, range 9.28 - 315 ng g™*
 BDE-209 was the most abundant BFR present, levels > 5000 ng g*

e 3200 Q-trap LC/MS/MS System, SciEx American mink (Neovison vison) « EH-TBB, BEH-TBPP and DBDPE were only detected in scat from the Bitterroot R. and
mink farm, reaching 345, 82.3 and 476 ng g1, respectively

e BDE-85, -153, -154, -183, BTBPE and HBCDD were not detected
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Building on this work, a WD4C dog-handler team
opportunistically surveyed along several Montana rivers in
autumn 2018 and spring 2019. The recovered samples were
then used to develop an analytical method to determine BFR
levels in scat based on procedures described for BFR analysis of
sewage sludge by Hale et al. (2012) and sediments by La
Guardia et al. (2013).% >

Method validation results:

Conclusions:

* Scat analysis offers a noninvasive/nondestructive means of monitoring
contaminants in mink and otter, among other sentinel species
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Figure 2., Otter (top) and mink
(bottom) scat.

Analytical methodology has now been validated for several restricted and
current use BFRs in otter and mink scats
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Results indicate that pairing scat dog-handler team surveys for sample
collection with BFR analysis of target species represents a valuable and
efficient environmental monitoring tool.




