Inhalational exposure to Manganese fumes and the associated
hearing loss

Arthika Kandasamy’, Ignacio Javier Novoa Cornejo?, Muwu Xu?, Meng Wang?, Wei Sun?, Vijaya
Prakash Krishnan Muthaiah.

' Department of Rehabilitation Sciences, School of Public Health and Health Professions, University at Buffalo, Buffalo, NY, USA.
2Department of Epidemiology and Environmental Health, School of Public Health and Health Professions, University at Buffalo, Buffalo, NY, USA.
3Department of Communicative Disorders and Sciences, College of Arts and Sciences, University at Buffalo, Buffalo, NY, USA.

The wave | latency was increased significantly in Mn-

Introduction T :0000_ 2.5L/min Aerosol Charaterization . exposed rats (Flg 4)
Workers in many industries ) - din | S ﬂ r ! F | The significant changes were consistently at an alpha level
) | ) y Industr _SdUC : as min g,hwe. ! I?, i A ﬂ f IR | ’ r ﬂ ’ i of 0.001 i.e 2 kHz (t=12.98, df=7, p<0.0001), 4 kHz (18.36,
smefling, and ceramic Inaustry are chronically : £ | IRIRIN : | | df=8, p<0.0001), 8 kHz (t=7.3, df=11, p<0.0001), 16 kHz
exposed to Manganese (Mn) fumes, with a risk of Mn : £ ’ 1l E i| o | 1 | t i (t=21.96, df=9, p<0.0001) and 32 kHz (t=15.24. df=8,
toxicity by inhalation leading to hearing loss. ! £ 10000, L i 1 : i 1l | | p<0.0001).
: § . . . ! i } I : ) DPOAE @ 2kHz . DPOAE‘@ 4kHz | ) DPOAE @ 6kHz
‘ The mlnlmal rISk Ievel (MRL) for Mn haS been i i} a E) 1;3'00L36L(m-‘ 5:'0_0 l;;o L9-()?00 téol;_;zéfmz 1L;é-(;o l::(;ooL:éolo_z'm:zsioo 25200 27000 28800 i 10 D S o *Po?t-Mn ;/;;j2 D
estimated as 0.3 pg/m3 in respirable dust based on | B Elapsed Time (S) | 5 5 b7 5
health effects resulting from chronic inhalation : oo e LR E ' 3
I ) ~»- Sample I (> Y &
exposure to Mn. | $ -+ Sample 5 | B |
: %7150000' -: ::22:: : : 0 0 2io 450 6;0 80 “ 0 20 4io 60 80 0 0 20 40 60 80
- Based on LOAEL, EPA estimated the chronic i - ki | o o o
inhalation reference concentration (RfC) for Mn as 5 x | 5 - |
10> mg/m3. Further, due to the serious health effects : S 50000 Jeanie 12 l SoORE @ Bkt PORE @ 126 PORE @ foki
. . . . . I o | 2 - Sample I
resulting from chronic occupational inhalation | y - Sample 14 | i R ————— T e = Ao T e = o
. . -« Sample 15 40 | : i 40 i CRE
exposure of Mn, the American Conference on | 0 Ho ()450 600 " | " _ ,
. . . | apse ime (S | ‘n’; 20 N 1y G A g g 20
Governmental Ind UStrlaI Hygler"StS SetS the Th reShOId : Fig 2a/. Mass accumulation of Particulate Matter (PM2.5) Concentration of Respirable Mn Dust within : ‘;’ . §’ 1 E’ .
Taal 3 " I animal cage measured by Ultrasonic Personal Air Sampler. Fig 2b. PM2.5 particle count in Respirable Mn | | & & &
lelt. Value (TLV) as 002 mg/m In the resplratory : dust using CondenusationyParticIe Counter 3007. Each sampling (1-15) indicates eachumeasurement of 10 : 2 20
fraction of faCtOry workers. : mins for every 30 mins up to 8 hrs Mn exposure. | %0 i , , 20 : | w0 . .
. Though most of the reported cases of Manganese . Minimally invasive assessments of auditory function |
tOXiCity Occurred in indiViduals exposed tO the hlgh : : 2gF E;Effectofl\/lnfumesexposgreonthe integr.ityofOuter Hair Cells. The graphs
I : - presents the DPOAE amplitudes (2F2-F1) in 2, 4, 6, 8, 12 and 16 kHz as a
concentration of airborne Mn (> 5 mg m-3), individuals . Pre- and post-manganese exposure (post 3 months), , function of L2 intensities.
exposed to Mn less than 1 mg m-3 manifested subtle - minimally invasive measurements of auditory function were
signs of Mn toxicity. : performed to characterize cochlear and neural responses. : In Low frequencies, the Mn fumes induced
Objective . Auditory Brainstem Response (ABR): Using subdermal decrease of otoacoustic emission was significant

. Despite the reports of Mniinduced neurotoxicity in ' needle electrodes and foam-tipped insert earphones, auditory at an alpha level of 0.05 .at 2 kHz, at 0.005 at 4
humims such aspweldin olated Parkinsonism thex;e < i brainstem responses (ABRs) were measured to determine i and 16 kHz, and at 0.001 in 6, 8, and 20 kHz.
not muc,h clinical evidegce about manganese,induced . thresholds and amplitude/latency growth functions. :

- | | DPOAE @ 20kHz DPOAE @ 24kHz DPOAE @ 30kHz
ototoxicity. . Distortion-product otoacoustic emissions (DPOAES): | wloigegd | Ll e . jﬁ;ﬁ
L . ' DPOAEs were measured in the same session to obtain ! : ™ R A o

* In an earlier invitro study Mn Concentration as low as g . P . | o Eoo z i
001 mM caused damage to the synapses of sensory : unctional measures of outer-hair-cell (OHC) status. | ~ N .~ o PP 3 s
hair cells. Mn preferentially damages inner hair cells o : B S T T s s e e S RN T
(IHCs) more than outer hair cells (OHCs) of the cochlea | Auds | S S e
and the damage Increases In a dose-dependent : udiogram |
manner. To date, evidence of hearing loss as a result of i 80 o ProMn i i [ roem Nl
exposure to Mn fumes is lacking. | Resu | 22 o | R S I T

. & Post-Mn | = " ] 2
| I e 4 i 1ALl ] B 20 g 207

* Hence, In this study, the objective is to characterize the i 5 °0 i it ¢ i
hearing loss associated with the inhalational exposure : ‘n’; | 1
of Mn fumes for 90 days. | 0 Fig3 Effect of Mn fumes | T ey T T ey " T ey

: .E‘ on ABR thresholds. The :

M eth Ods : UC’ i;apzlg:przsrigﬁjzgsda?s : Fig. 6. Effect of Min fumes exposure on the integrity of Outer Hair Cells. The graphs
: "qé 20 Long-evans rats before : A-F represents the DPOAE amplitudes (2F2-F1) in 20, 24, 30, 35, 40 and 45 kHz as a
I - exposure to Mn fumes : functi f L2 intensities.

 The Long-Evans rats (n=4) were exposed to Mn fumes : Blue o e 50 days 1 e
(respirable Mn) for three months using CH Technologies ! @xposure (Red) | In higher frequencies, DPOAE amplitudes were
Electronic Cigarette Aerosol Generator and controller ! 0 | reduced at the following frequencies 20 kHz
(Fig 1). The general population manifesting sub-clinical | 2 4 &8 16 32 : t=11 23 df=11 1Y, 24 kH

. . . . . i =11. = =0. z (t=6.42, df=11
signs of Mn toxicity had environmental air exposures | Frequency (kHz) | (_ ’ , P=0 090 ) - (_6 ’ ’
>0.1 pyg/m3. Therefore, our 5 mg/m3 of Mn fumes | _ . . . l p=0.0001), 30 kHz (t=4.71, di=11, p=0.0006), 35
exceeds the threshold limit value (TLV) of 0.02 mg/m3. | The paired t-test (normality assump_tlor_w§ hold) indicates | kHz (t=2.50, df=11, p=0.029), 40 kHz (t=4.58, df=11,

: that thfe ABR _thre;hzldg 1V\éerse2 S|gr(;|f|6c;rarll’ﬂly (_alel\_/ated i p=0.0008), 45 kHz (t=4.90, df=11, p=0.0005).
. . | across frequencies (2, 4, 8, 16, 32, an z) in Long- | . . .

e The Mn particles were aerosolized from the Manganese : Cvans (n—céll) b wére exposed to 90 days of Iz/ln fumégs | In high frequencies, the Mn fumes Induced
Chloride solution at a 2.5 L/min flow rate to achieve | B ! ' Qg iqnifi
5mg/m3 with-ten puffs of Mn fumes every 5 mins, which : when compared to the ABR threshold levels before Mn | decrease of otoacoustic emission was 8|gn|fIC§nt at
repeats every 25 mins up to 6 h (90 days). In this study, 1  fumes exposure (Fig 3). . analpha level of 0.05 at 35 kHz, and at 0.001 in 20,
we measured the particle concentrations of manganese : H £ qiff 5.95 + SEM 144 (Paired t | 24,3040, anddokHz.
using an ultrasonic personal air sampler (UPAS) and © mean of tierences was ©.29 = 44 (Paired . Conclusion
condensation particle counter (CPC) | (5) = 4.330, p=0.0075) with a 95% CI of 2.54 to 9.96. This | | | o

| : indicates that Mn fumes exposure in rats reduces | * Mn fumes exposure in rats reduces auditory sensitivity
E auditory sensitivity across frequencies. i across frequencies.
: [ I N T A R N 120 | . . .
: oo @2KE - Predin - Posthin o) @R+ Predin= Postn || ' * Mn exposure results In abnormal action potential
i AR T N O | e i propagation along AN and demyelination and/or
L 5 o | degeneration of AN fibers.
E 3 o- 3 a0 |
| T AR i 2- -+ The 90 days of exposure to Mn fumes alone reduced the
L Jaelldery @2 ! integrity of outer hair cells and reduced the amplification
: 9 80 70 60 S50 45 40 35 90 80 70 60 50 45 40 35 90 80 70 60 50 40 30 25 20 1510 5 I f tion
| Intensity (dB SPL) Intensity (dB SPL) Intensity (dB SPL) : unc ]
o m Z . References
| 100- 100- 100- ! 1. Muthaiah VPK, Chen GD, Ding D, Salvi R, Roth JA. Effect of manganese and manganese plus noise
| 80- . 80- S, 80- | on auditory function and cochlear structures. Neurotoxicology. 2016 Jul;55:65-73. doi:
: E R 0 0 0 0 : 10.1016/j.neuro.2016.05.014. Epub 2016 May 24. PMID: 27235191.
L8 607 2 U |
I S , g 40- S + | 2. Ding D, Roth J, Salvi R. Manganese is toxic to spiral ganglion neurons and hair cells in vitro.
: 407 407 : Neurotoxicology. 2011 Mar;32(2):233-41. doi: 10.1016/j.neuro.2010.12.003. Epub 2010 Dec 21. PMID:
! 20- 20- L e @64kH ...................... ! 21182863; PMCID: PMC3049848.
: V\[ave I Lat;encyg 4kHz :
F. 1 A E . t' t : 0 90 80 70 60 50 40 30 25 20 15 0 90 80 70 60 50 40 35 30 25 0 8|0 7|5 7|0 6|5 6|0 5|5 5|0 : ACknOWIedgements
1€ 1. A: =EXperiments setu ! . . . !
Bgl\/l Uwel P 4. Valvri IIIpR riaved Aorl 22 2093 | Intensty {dB SPL) ntensity (48 SPL) Inensity {dB SPL) ' We would like to thank Prof. Robert Burkard for his help with acoustic
- VyUwell. (n' ) alyrian 1il. Retrieve pr] ’ : | Fig.4 Effect of Mn fumes on ABR Wave | Latency. The graph represents the data of ABR wave | latencies | calibrations
from https://www.myuwell.com/products/mod&kit/valyrian- b ;

[1l.html

.[é University at Buffalo The State University of New York

of exposure (Red).

in 2,4, 8,16, 32, and 64 kHz in Long-Evans rats before exposure to Mn fumes (Blue) and after 90 days
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