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Estimation of Manganese Levels in Cord Blood of Pregnant Workers
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ABSTRACT

Objectives: This study aims to analyze manganese (Mn) concentrations in maternal and cord bloods at delivery and to estimate
the Mn exposure risk for fetuses whose mothers were occupationally exposed to Mn.

Materials and Methods: Forty-six pairs of maternal and cord blood samples were collected at delivery from mothers who were
occupationally unexposed to Mn. Mn concentrations of blood were analyzed by graphite furnace atomic absorption spectrometer.
Mn exposure levels for fetuses of female workers were estimated by simulating two working exposure scenarios.

Results: The geometric mean concentration of Mn in maternal and cord blood were 27.0(1.34) ng/L, 46.6(1.25) ug/L,
respectively. Transfer ratios of Mn from maternal to cord blood were 1.814+0.62, which indicated that the Mn concentrations in
cord blood were higher than those in maternal blood. Mn concentrations in cord blood for the worse or general scenarios were
estimated to 22.3-1,881 xg/L and 1.59-308 1g/L, respectively. The probabilities of exceeding 74 1:g/L, which was adopted as a
reference level reported in a previous study, were 95% and 44% for the two scenarios, respectively.

Conclusions: Comparable levels of Mn exposure in maternal or cord blood to those in this study have shown various health
effects in previous studies. This suggests that Mn exposure levels in mothers and fetuese in Korea need to be monitored and
managed. In addition, female workers who are occupationally exposed to Mn should be protected from the exposure since their
fetuses can be exposed to Mn at risky levels during their pregnancy.
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7K Manganese, Mn)-2 AZ+2] °oF 0.1%E A}A|5}
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(Kim, 2009). o|Qo= vlZE} TEo| xAtRo|= H7}t
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S Stth(Wedler, 1994; Milner, 1990). 12y 7t
of ot =E=W, FAHY AFIFe Hetdi=H
NAER] EA T YHEELS FE, 9=,
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45 59 Al

¢

£o]3]
AR S5 Ul =2 S8 EN F A,
sk, TR A=, 33 Aofl, 2y Aol 59
Zof7F YyElE 4= Uth(Mena et al,, 1969; Huang et
al, 1997). T3 Aoz Wito] &= JA 2
BAAIA AE3FE 9 E7| RO FAo] UER L
(Emara et al., 1971; Mena et al., 1967; Rodier, 1955;
Schuler et al., 1957), AA} 429} W=go] ATt
H3E v} QIthWu et al., 1996). ©]Q]o] = W7t B2
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X do &
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17} o Wk wiAstel B fAI5HE
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AE|n Aguto] Aoz HjAdEchDavis et al.,
1992; Klaassen et al., 1974).

AAZNTE & & Yt 5= Z713cH(Takser et
al., 2004; Tasi et al., 2015; Arbuckle et al., 2016). Y7t
2 ool o) evrS Fash7| wiZell(Krachler
et al., 1999; Rossipal et al., 2000) YHIA o2 Any
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2002; Takser et al., 2003; Yazbeck et al., 2006; Vigeh
et al., 2008; Arbuckle et al., 2016).
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(Vigeh et al., 2008). Efjo}7| 9] AAEHEZR =<1} 2
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T FAsH A8H o 2EAY EF

T 7 Ay e g2 23S St
Tt EE SV eVt ER)
gor dAE SuegdEazlzs

3 o] A 5 WY s 12.944.3 ug/L
OF B o] Abn F3 W7t 1 28.147.9 ug/LES 2
23ke] QA A] EE 7k BT Z712-0 23240.658

A= -
Pt Aol ¢ & Aol d 247 AdE At
2 F B Feo HE 4SS

A WA AYRleGE =F AYR)e 2§

Ref.

gal ofd ZZAte| HMoig S 2zt

=}

o Yte] kEE FoR fEEHe Ade #Fs
€ o ZEA Aot o LEAS] Y kE
dlolel JRE 471 flsl, wie] £ 2=AE AAIS
F =y == 1ol A o] A= Bk
At sk 34 & 1500To A 7HEEo] 2& TR
=9d e Al W4AR F o] w4
A & AR AT 72 Fee A9 she o
BERA 80Fe HFLeR Stk Bt 10T 25
AZEE 10AZbo]H, SFR AR 2-5E A=
AAUE2 S APl w2 54 Yl =5
2 oR 24T 5 3k o5 @Y F Y =

Manganese levels in blood (ug/L)
N 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

This study

4o |I—— 27.0 ——

Kim et al. (2000) 65 10.0*
Bocca etal. (2011)1 111 9.98
MoE (2011) 3372 11.4
Jung et al. (2013) 456 14.0
General Health Canada (2013) 2737 ¥ 9.70
female 28888 10.0
Yajuan etal. (2014)t 6633 9.88
Zhang et al. (2015)1 330 12.9
General Freire et al. (2015) 293 13.0
population Kim et al. (2000) 67 9.80*
Bocca etal. (2011)F 104 8.01
MoE (2011) 2924 10.3
General Jung et al. (2013) 454 11.9
ale Health Canada (2013)  2572% 8.80
26878 9.30
Yajuan etal. (2014) T 6428 8.14
Zhang et al. (2015) 318 10.1
Freire et al. (2015) 890 12.9
Female worker Limetal (1995) 80 | 604
Kim et al. (1994) 90
Kim et al. (1998) 277
Occupationally Choi et al. (1998) 447
exposed Moon et al. (1999) 60
population Msle Hong et al. (1999) 35l 56.0%
in Korea worker 189
Chang et al. (2009) 43
Choi et al. (2011) 13
Kim etal. (2014) 8

The values in this graph are indicated GM. Kim et al. (1998) study calculated manganese concentration in blood of whole group by
integrating the manganese levels in blood by working period of the welder.

MOE : Ministry Of Environment
— Range (minimum-maximum), * Arithmetic mean,
1 Cycle 1: 2007-2009, § Cycle 2: 2009-2011,

t 25-75percentile
I MRI (magnetic resonance imaging): high signal,

9 MRI: normal signal

Figure 1. Manganese levels in general female/male populations or workers occupationally exposed to manganese in previous studies
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Hat 69.4£39.6 pg/Lo]]rt.
A A Aue] ol 283t o ZEAe dF W
= 1995)01 oF 201 Zo]
g £E IR
ZFo] 91 Q1A ?%':*J %—.% Eﬂfﬂ mf H2o) kE 5
FF Apol7t A= 4 Ak 2By A2 Syt o
A ZRAY Y3t keES BT 7| AmTE AFet
of, 7 WA AuEes et 22 7S 6}0% Eds
HHog oy Z2A9 85 W =5 A4
tHYYE & Alue]2).

7% 1: 2yt o3t gk o) 8% Wk SEgt
vl 2sateha

A% 2: o4 nrAL U4 nrAe 8% W1t
2% e golt,

714 1, 25 SHIskr] flall, dut o daAd, oAdid
d ERAS dF W 25 ARSI TH(Figure 1).
Sejuhet s ROl AAIEE SR AT AL
(‘09-’11) AxH2011), vt o449 EF Pt s+
GM 11.4 pg/l(interquartile range, IQR, 9.3-14.1 ug/L),
Jul JAS GM 10.3 pg/L(IQR 8.4-12.4 pg/L)2 37
o2 2] okotrh syt HRlo R o R 3 Ao
A ARk ofJut FA o) EF U vk e 4
GM 9.7 pg/L(50™ 9.5 pg/L, 95™ 16 ug/L), GM 8.8 ug

Me% - ZNT - 228 - olag - 285 - Ust BaY - UMD - 252 gyl
ATE A2 ARl ST EAS QR AN
A=13), A2 dF T2A0=21), §H T2

(=8)2 1EE U Bo] % U} PR o
AR YFE AR dtelth 84 224 899 E5
7t e 184427 pgLE YERGTH

o FEALY Hol Wt kF £ FAHode
Monte Carlo simulation(Cystal ball software 11.1.2.4
er., Decisioneering, Inc.)2 AF&3}4th Monte Carlo
simulationS o]@ &Alo|L} AFAS B 3lste] 7HAMO
2 AgAA BAoIH ] ATE FEY RFo AT
she SAH B4 F shtolch. o Z1Ee AHgol
el chop £79 BES A8 & Qi 4
o] QJTh(Mari et al., 2009; Choi et al., 2012).

Monte Carlo simulation 242 7} ¥H40] ExE
Qeislof stk iy ZEAe] 8% Wit vER Ag
B gl 48 $RE ANKR U o

ﬂlﬂl

FATEEE Fgotntk & AolA e Algsle=
1,0003]2 3}913, Monte Carlo simulation®] 283}
wW420] ARl Table 10] Vel

. o7z Y

/(50" 8.6 gL, 95" 14 pgl)& WSgE SEolddet 1. QIRANE|EHA 84
(Health Canada, 2013). o]S Hlgfo g Aul oA} o B ool 23-424)9] AR 4672 iAo = BTk
4o EF Wk o] vlssshal o SRRk A A T s Ao SHE Ae %A, 3%
DEA EG U 22U JOR PS4 65w AT QA F SRS snka SEE
1, 20] whe} 7P F2o] Wk =& AEQ Kim et Th A A] 67.4%9] AHR 7} R BukS- 31¢ th(Table
al (2014>4 AT ATE T WA Aueleo] o o 2). 94l A BMIE AAAF0] 522% 744 Wer,
22 @2 W7t He2 AASYTE Kim et al.(2014) H|THS 318(6.5%) 2.2 L}EbgTh
Table 1. Input variables for estimation of fetus manganese exposure levels among female workers
Mean+SD
Variable Distribution : T
Worst case Regular case
Worker’s manganese levels in blood Lognormal 69.4 £ 39.6 18.4 + 2.70
Increased ratio of manganese levels during pregnancy‘t Normal 2.32 + 0.65
Transfer ratio® Lognormal 1.82 £ 0.62

* Adopted from Lim et al. (1995)

' Adopted from Kim et al. (2014)

¥ Calculated from this study and MOE (2011)
S This study
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Table 2. General characteristics of the study population (n=46)

2 ofd 22X Moid & U s= = 297

Table 3. Manganese levels(xg/L) in maternal and cord blood

Characteristics N (%) Average+SD Maternal blood Cord blood
Age group (years) 46 (100) 333 + 4.14 N 46 46
23-32 22 (47.8) 299 + 2.29 AM=SD 28.1+7.90 47.7+£10.6
33-42 24 (52.2) 36.5 + 2.60 GM(GSD) 27.0 (1.34) 46.6 (1.25)
BMI (kg/m?) 38 (100) 20.9 + 2.40 Range 12.2-51.9 29.0-73.0
<18.5 5 (10.9) 17.2 £ 0.84 25percentile 209 42.0
18.5-22.9 24 (52.2) 204 + 1.02 SOpercentile 28.5 479
23.0-24.9 6 (13.0) 232 £ 041 75percentile 33.6 55.2
>25 3 (6.50) 26.0 + 1.00
Not answered 8 (17.4) WA Y22 stolx] x| okgrch
Smoking AR F PHeRe] Be BARA Aoe of
Yes 0 (0:00) & Table 43} ek & AT AWAY F Y3} B
No 39 (84.8) 4228 FAERIZHGM 25.7(1.30) pg/L(Trimester 3),
Not answered 7052 Mora et al, 2015)9} H|%3tlon, 7HUTHGM 15.6
Drinking 1g/L(Trimester 3), Arbuckle et al., 2016), ZZA(GM
Yes 3 (6:50) 21.4 pg/L, Yazbeck et al., 2006), ©]2H19.1£5.90 ug/L,
No 38 (82.6) Vigeh et al., 2008)2t} oF 6-12 g/l =& 2=Zo|Qlth
Not answered 5 (10.9) HbH o 9k44.1£1.30 pg/L(Trimester 3), Tsai et al.,
Delivery 2015)TF F3H(AM 55.0422.7 pg/L)RTH= o =z o
Normal 31 (67.4) 2 e}
Csection b 629 £ AT AR F P FEHT G2
(19.145.90 ug/L, Vigeh et al., 2008)0l| 4] Alxjo}o] &
2EA ST =T A GEE F 5 ole AoE v g A7
DAIREAN A T Gt s= 22 e Atme] Al W7l Wik kE £FEGM
AR JofE F W v 24 2y 2E 29.3(1.40) pg/L, Trimester 1)0] Al2Joto] A&7} 7}
Azl A B4 HETAQ 135 pgl oA AEH Edo FFE F3, A F719 I SFEGM
o]

1

4 100% At} AFRE N F B Fe= 7|51
TH(7]3tEFEHA}) (geometric mean(geometric standard
deviation), 0|5} GM(GSD)) 27.0(1.34) ug/Lo] 1, ¥ o]
122-51.9 pgLolth. A E 2 W7lewl 46.6(1.25) ug
/Lo T, ¥ 2= 29.0-73.0 pg/LO]THTable 3). AHm & ol
Hop A oA w2 P =2 B oHp<0.001).

dutz o2 AtH = YRk AR =2 dF W
FEE Kol Al 7Zto] HMT|oA SR AeE
FoMAlE A Heltk o= YAl F HolY WEE
ols) Bran F el WY Sart 275 0
Folg} A5t ¢Jrth(Hatano et al.,, 1983; Tholin et
al., 1995; Rossipal et al., 2000). T3+ ¢JA17|7F = o]
2ERAN Z2AXEHEY 7t S Hed
o] 2= Wt Fodhe A sl "ozt

1= FAE o)X (Das and Chowdhury, 1997) %25t
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39.6(1.40) pg/L, Trimester 2)2 AlAJolo] A=, wE
W 7l Sd) @aet B Ao UehdthTi
et al,, 2015). E3E, AlJoto] 7t&Ed 9t velEd =
AR ol Z W 5= ZF2F 56, 61 ngL7HAl STt
3t o]% TASH= ASFS ® A THGuan et al., 2013).

Ajd % Wikswel Bl dgdT Aas o
S Table 53} Pt} B A7 AR & W HE
L2 W7]o(GM 31.2 gL, Baeyens et al., 2014),
FHYtH(median=31.9 ug/L, Arbuckle et al., 2016), 7
2~(39.5 ug/L, Yazbeck et al., 2006), ©]2H38.2+13.1 ug
/L, Vigeh et al., 2008)}2.c} ©F 7-15 pglL =2 4-59]
Ao, thuk48.0 wgL, Lin et al., 2013)}= H]<=SH
Ttk $=(Guan et al., 2013)0f| 4] HILE A|th
3 ZF Ut P el 7884305 pglE E AR

o
e Szolglrh

N oy of
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Table 4. Manganese levels(xg/L) in maternal blood in previous studies comparing to this study

Country N GM (GSD) Range(min-max) References
This study 46 27.0 (1.34) 12.2-51.9
Belgium 235 12.1 Beayens et al. (2014)
Canada 160 23.0+13.0" 6.00-52.0" Audrey et al. (2002)
Canada 40 (Trimester 1) 8.50 4.60-25.0 Takser et al. (2004)
149 (Trimester 2) 9.50 3.70-25.3
101 (Trimester 3) 15.6 9.2-37.1
Canada 1938 (Trimester 1) 8.79" 2.03-29.1 Arbuckle et al. (2016)
1673 (Trimester 3) 12.6' 2.47-33.5
China 125 55.0422.7" 29.9-105.9° Guan et al. (2013)
Costa Rica 94 (Trimester 1) 21.8 (1.30) 10.8-36.9 Mora et al. (2015)
276 (Trimester 2) 23.0 (1.30) 9.40-56.3
203 (Trimester 3) 25.7 (1.30) 13.2-50.6
France 206 23.0+15.0" 12.0-40.4° Audrey et al. (2002)
France 222 20.4 6.30-151 Takser et al. (2003)
France 224 214 11.1-40.4° Yazbeck et al. (2006)
Iran 231 19.1+5.90° Vigeh et al. (2008)
Taiwan 38 (Trimester 1) 29.3 (1.40) 10.8-83.4 Tsai et al. (2015)
76 (Trimester 2) 39.6 (1.40) 14.1-93.5
76 (Trimester 3) 44.1 (1.30) 15.6-87.2

* Arithmetic meantstandard deviation ' Median * 5-95percentile

Table 5. Manganese levels(ug/L) in cord blood in previous studies comparing to this study

Country N GM(GSD) Range(min-max) References

This study 46 46.6 (1.25) 29.0-73.0

Belgium 241 31.2 Baeyens et al. (2014)
Canada 160 45.0£20.0" 16.0-85.0" Audrey et al. (2002)
Canada 91 323 16.7-89.4 Takser et al. (2004)
Canada 1419 31.9" 5.49-98.9 Arbuckle et al (2016)
China 125 78.8+30.5" 33.2-145" Guan et al. (2013)
France 206 42.0£15.0° 19.0-64.2F Audrey et al. (2002)
France 222 38.5 14.9-92.9 Takser et al. (2003)
France 226 39.5 19.1-71.2% Yazbeck et al. (2006)
Iran 231 38.2+13.1 Vigeh et al. (2008)
Taiwan 1526 47.0 (1.40) Lin et al. (2012)
Taiwan 230 48.0 17.9-107 Lin et al. (2013)

* Arithmetic meantstandard deviation ' Median * 5-95percentile

) AR Ao A AHE R P+ Aol Yazbect et al.(2006) A= o]e} GA}EH AE H 1t
2 A Angdat AfE F PeEe S vl Qe 2 Ao A At Aol F T s

AAS R YTHr=0.27; p<0.07). Guan et al.(2013), o] HlE Hol&L& AAIYTHTable 6). ZHo|&2
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Table 6. Manganese transfer ratios from maternal to cord blood

2 ofd 22X Moid & U s= = 299

. Manganese in cord blood / in maternal blood
Country N - Reference
Mean+SD Range (min-max)

This study 46 1.81+0.62 0.84-4.01

Belgium 235/241 2.58' Baeyens et al. (2014)
Canada 160 1.96 Audrey et al. (2002)
China 125 1.43 Guan et al. (2013)
France 206 1.83 Audrey et al. (2002)
France 222 1.89" Takser et al. (2003)
France 224/226 1.81 Yazbeck et al. (2006)
Iran 231 2.10+0.80 Vigeh et al. (2008)

The transfer rates, excluding Vigeh et al.(2008), were calculated directly using reported manganese levels of maternal and cord

blood.
" The number of maternal blood samples/cord blood samples

"1t is calculated by the geometric mean of manganese concentration in maternal blood and cord blood

1.810.62(0.84-4.01) 0.2 AtmENH T} A T)E o] A2
7F 50] § =9kt JUth(1.96, Audrey et al., 2002),
=143, Guan et al., 2013), 3Z32(1.83, Audrey et
al., 2002; 1.89, Takser et al., 2006; 1.81, Yazbeck et al.,
2006), ©|gH2.10£0.80)1} H]=Tt 4~ B, H7|
of(2.58)Ht tha Wit

0‘*‘ Al g5 Ut iE Z718(2.32+0.65) 3} H AF
oA =ZE Wl Hole(1.81£0.62)F A-&dlo] F4
ks 7:‘# glo} Wt =& 452 223-1,881 ugl WS

ZA & cH(Figure 2).

t‘deH APELE gfofe] EZ 7t kol dis) A%
o] Q= A 7|Egko] o] ARE F Uzt
=9l A%, A%, verkeEde 2o 24 F 4%
A #Eote] AyAS E1FH Guan et al.(2013) Ax}e}
vlwstgict Algote] meEEe, A%, 7HeEde Al
d 3 W2 w=rF 22 74, 90, 93 pgLY w7kA|
S7hsteh ol% fadhe AT Hoich HEsdst
Hasty] AlFehs ARE 5 W3t % 74 gLt
HuPS o, AgHor FHHl FEO| Yitol| =

5]

=
[¢)

s

A

N
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Exceeding the manganese level in
cord blood reported health effects of
newborns in previous study

40 1

30 4

Frequency

20

30 255 480 700 900
Manganese levels in cord blood (ug/L)

Figure 2. Estimation of exposure levels among fetus of mothers
occupationally exposed to extreme levels of manganese
(This is result of applying the manganese level in blood
reported Lim et al.. 1994)

254 o4 2242 ot % oF
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60

44 %
Exceeding the manganese level in
cord blood reported health effects of
newborns in previous study

50 4

40 A

30

Frequency

20 4

10

3 50 90 130 170
Manganese levels in cord blood (ug/L)

Figure 3. Estimation of exposure levels among fetus of mothers
involved in general manganese exposure works(This
is result of applying the manganese level in blood
reported Kim et al., 2014)

ARE G 2EAY] 5 Y FE(18.4£2.7 pglL,
Kim et al., 2014)0] Al A] W7+ Z718(2.32+0.65)T}
= A9 HE A ole(1.81+0.62)% A-8dke] =A%
A3}, "o} Pt k& 52 1.59-308 pg/Le] W2
FA = Yl cHFigure 3). AlAjote] HA7FggFo] LYERLL Y|
AERE A E F 47 E=Q] 74 gl (Guan et al., 2013)
S ZIsh= "Hiols oF 4 %E FAE U

S-Euehs Gl gt AESH &R
2 W 5% 36 pyLE AX S Qlek o] o)Ak

2 A4 2o WAY vg AdE U
= oAM= "oty F-folr|o] A7FFaFe] B
H vk ok 3t FDE Ao = o] =2
7t B 42(GM 385 pg/L, range 6.3-151.2 pg/l)
Y 5, 3Alo] HFeo] "olx|aL, H|dlo] 7]jx}
skl Slo] #42Q JF= A= Aol
W2 e 9t (Takser et al., 2003). FE3t o}z 9] =7t
=2(GM 48.0 ug/L, range 17.9-106.9 pg/L)o] & 5,
2404 1A & Qlo] oS 2T o Sl
UERTH(Lin et al., 2013). ofof -2jupe} 4HR o} e
ofo] U7t k&9 A} 1o wE APl
HEh E3F o F2AY ot H 2 aF
B k=EE 7heAdel lew, AZkHsie) 9

>~
o

KX
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[e)
e

1o

>
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o
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