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KEY F | N D I N Tire additive 6-PPD, toxic product 6-PPD-Q, and hydroxylated
metabolites, are analyzed using this novel method in fish organs
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N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine (6-PPD) is an antioxidant widely used in rubber tires. Isobaric ana|ytes are resolved by retention time and Speciﬁc fragments (Q]_QQS)  6-PPD-Q
Tire abrasion releases 6-PPD which reacts with ozone to form 6-PPD-quinone (6-PPD-Q). Via water runoff, 80 -
. » p-OH-6-PPD-Q
6-PPD-Q reaches streams where it is toxic to aquatic organisms, particularly certain salmonids, contributing 6-PPD-Q © « 6-PPD-Q-1-OH
to widespread mortality and long-term ecological impacts.? Developing robust protocols for quantifying 6-PPD-Q-4-OH (299-5241) g 60 - e 6-PPD-Q-4-OH
6-PPD-Q in diverse aquatic organisms as well as in water is essential for environmental monitoring of 111077 315-241) <
bioaccumulation and food chain safety. Existing publications report analytical methods for monitoring 3 40 |
of 6-PPD and 6-PPD-Q but not typically the potential metabolites of 6-PPD-Q due to the previous lack ] p-OH-6-PPD-Q >
of availability of authentic standards. This study aims to establish a new method for the extraction and 7 | (315—231) 5
quantitation of 6-PPD, 6-PPD-Q, and three hydroxylated metabolites of 6-PPD-Q in various tissues from \“’; ] 6-PPD-Q-1-OH & 20 1 .
freshwater fish in the Great Lakes region. G i (315-216) <
5 3 6-PPD 0 = °
. . ' ) i ng Extracted
@ @HJ\/K — @OIIHJ\/K — pgoﬁuu o 0 i - J A\ j\ A I Analyte Name | Equation Linear Range (ng Extracted)
P 6-PPD-Q b-OH-6-PPD-Q  6.PPD-Q-1-OH  6-PPD-Q-4-OH 2 3 4 o5 6 7 6-PPD-Q y=0.405x+0.6891 0.9964 0.001-200
e e e . e Time (min) p-OH-6-PPD-Q  y=0.2908x+0.4101  0.9981 0.0102-200
6-PPD-Q-1-OH  y=0.0207x+0.0399  0.9992 0.0914-200

EXPERIMENTAL WORKFLOW FISH SAMPLE COLLECTION e

SAMPLE PREPARATION EXTRACTION ANALYSIS Fish Fish Type Date Collected | Body of Water I\:Igp Tissuet QUANT'TATIO N RES U LTS
A M

#

> Bluegill LC-MS/MS
Internal Standard Added 1 Lake Trout Summer 2023 Lake Michigan, Benton Harbor, M|
Catfish U > > 7 > > Amount of 6-PPD-Q and (p-OH-6-PPD-Q) in Tissues (ng/g)
T C b o 2 Channel Catfish  Spring 2024 Power Plant, Monroe, M| B M, L, O, K Fish # Fish Type
P Lol e . Whote i
Pike Homogenization I Extraction 3 Largemouth Bass = Summer 2024 Horseshoe Lake, Whitmore Lake, Ml C M, T -
4 Pike 10/26/25 Detroit River, Detroit, Ml D M, L, H, O L Lake Trout BLLOQ e
5 Catfish 1 12/2/25 Argo Dam, Ann Arbor, M| E M, L, H, K 2 Channel Catfish D) PR NP0 INIPD) —— IN2D)
MS/MS 6 Shad 12/2/25 Argo Dam, Ann Arbor, M E M, L K 5 Largemouth Bass (NPD) NPD - (NPD)
. . 9 7 Creek Minnow 12/14/25 Malletts Creek, Ann Arbor, Ml F W 4 Pike INIPD) WD || D QL 51L.0Q (0.33)
MS/MS SpeCtra Of 6-PPD-Q metabOIIteS’ and prOpOsed fl’agmentathn 3 Minnow 12/14/25 Hudson Mills Tributary, Dexter, M| G W . Catfish 1 i NFDY | WIPD INIPD) NPD INIPD)
" (317)
7.0%1071 315.2 203 : 9 Minnow 12/14/25 Hudson Mills Tributary, Dexter, Ml G W j ihadk > NFD 3.17) | BLLOQ R NPD INPD)
1 +H i(-);-: : 10 Rock Bass 1 & 21 12/17/25 Argo Dam, Ann Arbor, Ml E M, L, H e Innow
8 v 11 Bluegill1&21  12/17/25 Argo Dam, Ann Arbor, M| £ M. L H § Minnow 1
o H 1 ! S
> N . . 0O -OH-6-PPD- % Minnow 2
‘D 231.2 : P Q 12 Catfish 2 2/16/26 Power Plant, Monroe, M| B l(\)/| }lg SH Michigan, USA
|3 -- M [IM+H]" 315 m/z 1S 10 Rock Bass 1 & 2 oM 027 (2.68) m (NPD)
= 203.2 2572 ‘\ T These samples were pools of matched tissues from two fish, due to limited sample collected. .
HO O H X : M, muscle; L, liver; H, heart; O, ovary; T, testis; K, kidney; S, swim bladder; W, whole fish. 11 Bluegill 1 &2 0.01 (NPD) 0.35 (NPD)
109.2 158.2 ﬂA272'2 2 All fish were collected according to state and local regulations :
P U TR NI S SIS N G B 231 ,x‘: & & : 12 Catfish 2 Nielo8 (NPD) NPD NPD  (NPD) [oXokSE (NPD) (NPD)
100 150 200 250 300 +H*~ 1
m/z, Da _H 25_7; The tissue was not collected. A peak was detected, but it was below the lower limit of quantitation.
EXTRACTION RECOVERY IN MATRIX - .
- A peak detected above the limit of quantitation. NPD No peak detected.
+H [ ] [ ] [ )
1851081 315.2 "1 285 Recovery of analytes (20 ng each) spiked into 100 mg muscle from fish #3
] R -H\ :
. R “ E O: OH P Extracted in Matrix vs. Extracted in Solvent CONCLUSIONS
Q : X i A1 nalyte Name
> 216.2 ! ©/ \“/i::/‘)\ 6-PPD-Q-1-OH % Recovery (Ave, n=3) % RSD (Ave, n=3) . o o .
Z : o N *,-~:~. [M+H]* 315 m/z oo 1o - - This work represeljts preliminary steps to develop and optimize a.method for the extraction and
£ : Hy, /' | | LC-MS/MS analysis of 6-PPD-Q and three hydroxylated metabolites.
= 187.2 Lmmmmmcmmmaamaaas Jog 6-PPD- 99.2 4.8 : L : . :
| 1150 J 22;?1 , ! . - This method allows for the quantitation of environmental contaminant 6-PPD-Q alongside some of
1 . I . . . . . . . . . . . .
70y e AT 2852 227 ', p-OR-6-PPD-Q | /4.8 16,5 its metabolites in fish tissues to monitor bioaccumulation. This can be a useful tool in studies of aguatic
100 >0 2000 - 250 300 b | 6-PPD-Q-1-OH 1016 16.4 environments and toxicology in the food chain and in humans.
S 6-PPD-Q-4-OH  112.6 17.9 - 6-PPD-Q was detected at low levels in the muscle tissue of many fish and at higher levels in
y Average 97.1 13.9 various organs.
315.2 + 1 . . . ) e ) . . ..
5.5x107 241.2 187, “The 6-PPD standard was observed to degrade over time in solution. Of the three potential metabolites, only p-OH-6-PPD-Q was detect.ed, primarily in internal organs of
H : several fish. No 6-PPD-Q-1-OH or 6-PPD-Q-4-OH were detected in any sample.
a N ° di ' includ luating i depth th IS d in diff
o - .|._oH 6-PPD-Q-4-OH - Future directions include evaluating in more depth the precision, accuracy, and recovery in different
2 257.2 o VR : < [M+H]* 315 m/z tissues to establish the figures of merit of the method, performing more extensive sampling, and analyzing
|3 1870 Hy' : \ - matched samples of both water and fish tissue samples.
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