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The objective of this study is to determine metal transfer relationships in twelve organs between
four Steller sea lion mother-fetus pairs.
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Metal bioaccumulation can cause deleterious effects to major organs and may be a contributing
factor to death of Steller sea lions (Eumatopias jubatas). Due to their high position in the marine
food web and relatively long life span, Steller sea lions can bioaccumulate trace elements to
greater concentrations in comparison to other pinnipeds. Studies observing gestational transfer
of metals have noted fetal development disruption, however, seal lion exposure to metals is not
well understood. The relationships between maternal-fetal elemental concentrations may be an
indicator of health concerns to fetuses. This study focuses on gestational transfer of 13 trace
elements between four fetus-mother pairs of Steller sea lions from the Washington state coast.

Steller sea lions (SSL) used in this study were collected from

the outer coast of Washington State from 2012-2013 to Organ n=
investigate their cause of death by the Washington :
Department of Fish and Wildlife — Marine Mammal Brain 8
Investigations (WDFW-MMI) in conjunction with Cascadia Kidney 3
Research Collective, Hatfield Marine Science Center, and Lung 8
the Makah Marine Mammal Program. Organisms were in Heart 7
varying stages of decomposition at the time of necropsy, Liver 6
thus all numbers of tissues collected differ. After necropsy, Muscle 7
organ samples were transferred from WDFW-MMI to ;
Brooks Applied Labs, LLC. Intestine 6
Bladder 6
For this study, metal concentrations in the brain, kidney, Placenta 4
lung, heart, muscle, liver, intestine, pancreas, stomach, Amniotic Fluid 4
bladder, placenta, and amniotic fluid were quantified Pancreas 3
(Table 1). Overall, sixty-nine samples from four Stormach 5

mother-fetus pairs were analyzed for total elemental

content. Table 1. Number of organs

analyzed from both mother and

Samples were digested using EPA method 3050b (a nitric fetus SSL.

acid, hydrochloric acid, and hydrogen peroxide

combination) and were analyzed by inductively coupled plasma-mass spectrometry (ICP-MS)
using a Perkin-Elmer DRC-e with interference reduction technology. These digests were analyzed
for 37 elements including those with toxicological significance to the organism: arsenic,
cadmium, cerium, cobalt, chromium, copper, manganese, molybdenum, nickel, lead, selenium,
tellurium, and vanadium. For mercury, samples were digested with aqua regia and analyzed on
a Perkin-Elmer DRC-e using cold vapor-inductively coupled plasma-mass spectrometry

(CV-ICP-MS,).

Estimated method detection limits (eMDL) were
calculated for each batch and for each analyte
separately by multiplying the standard deviation
7 .~® of the four preparatory blanks by three. Any
~ value within 10x the eMDL for a given analyte
~ was deemed a non-detect result (ND) due to the
increased level of variability at those levels.
- Values above 10x the eMDL were considered

N significant. Relative percent deviation (RPD) was
™ | used in this study to standardize the
concentrations of mother and fetus and to assign
a relational value to the results. It was calculated
by taking the absolute value of the difference between the two concentrations and dividing by the
average. The greater the RPD, the greater difference between the mother and fetus.

Mercury (Hg), arsenic (As), cadmium (Cd), copper (Cu), manganese (Mn), selenium (Se), and
tellurium (TI) were the only metals found at significant levels in both mother and fetus samples.
Significant concentrations are categorized in Table 2.
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Oroan Samole T - Concentration (mg/kg) Fetal Hg concentrations in the brain of Steller sea lions from this study are roughly half of Copper concentrations in the fetus muscle samples are consistently equivalent to their Me.rcury concentrations in the Iiverg of the mothers were as high as 247 mg/kg wet
5 pie 1Ype Hg As Cd Cu Mn Se the corresponding mother’s concentration (Table 2). Concentrations in the brain mothers, RPD is below 8% for each pair. Caspian seals have a maternal-fetal RPD of Cu weight. Syde.man.and Jarman (1998) lnvestl.gated meta|§ in livers of Steller sea lion pups
Mother 4 0.713 ND ND 4.49 0.333 0.387 presented here raise concern over neurological development of the fetus. High blood Hg in muscle of about 52% (Table 5) (Watanabe et al. 2002). This is suggestive that there from the California coast. The levels of Hg in the pups in the 1998 study, 4.8-73 mg/kg,
B . F 4 O 341 ND ND O 593 ND ND |eve|S Of pUpS relative to mOtherS were nOted N Nortﬁern elephant SeaIS at the beginning may be a threshold for Cu accumulation N muscle Of both mother and fetus N both were hlgher than were seen in the fetuses Of the current StUdY/ 1.36 mg/kg) (Table 6)
tain ctus ‘ ' of lactation (Habran et al. 2011). In that study, Hg levels in pups declined as lactation species. Similarly, the pups in the 1998 study also had higher Cu and Se concentrations.
eMDL ' 0.020 0.014 0.0038 0.075 0.028 0.028 progressed suggesting that gestational mercury transfer played a large role in the initial
Mother 4 2.44 ND 13.3 5.03 1.00 1.75 Hg concentrations found in the pups. The ratio of Hg transfer in the brain to offspring is Stud Sample Type o Cu Concentration (ma/ke)
Kidney Fetus 4 0.678 ND ND 2.84 0.728 ND far greater with Hg than in Cu, though the average concentrations of Hg were lower. Fetal Y y (mg/kg) Study Sample Type n= He As cd Cu Se
eMDL i, 0010 011 0.013 0.042 0.0093 0.082 brain Cu concentrations were almost 10x lower than their mothers yielding an RPD of . Mother 4 1.06 Aitken et al. (2016) Mother 2 142 0.240 1.28 21.2 44.2
154 + 12% between the four pairs (Table 3). These consistent results raise questions about Aitken et al. | Fetus 4 1.36 ND ND 11.5 0.523
Mother 4 | 0.686 ND ND ND 0.140 0.513 pairs { ) q (2016) Fetus 3 1.10
Lung Fetus 4 0.681 ND ND ND 0.200 ND transter efficiency for Cu in the brain. RPD - 4.4% Sydema(ri ;;g)hrman Pup Variable | 19.0 0.4 15.0 91.0 4.1
Moth 6 1.0
eMDL - 0.049 0.022 0.010 0.26 0.013 0.042 Watanabe et al. F(;tuir ) | 7 Table 6. Average metal concentrations (mg/kg) in liver of different age classes
Mother 3 0.692 ND ND ND ND 2.65 (2002) . of Steller sea lions from the current study and from Sydeman and Jarman
Heart Fetus 4 0.839 ND ND ND ND 2.48 Organ | Sample Type e RFD (%) RED - 22 (1998).
b L |00 000 00 01 0% 0o m M@ o w s e S e e . .
Mother 3 ND ND ND 1.06 ND 0.750 Watamabo ot al ;002 P Comparing the values obtained by Sydeman and Jarman (1998) to the current study
Muscle Fetus 4 ND ND ND 1.10 ND ND Average RPD 4 169.0% NA  NA  154% NA  NA atanabe et al. ' suggests potential bioaccumulation of Hg and Se as the pup grows (ages are not
' Brain specified). It is al | to why th ber of samples varies bet lyte |
) ; . . pecified). It is also unclear as to why the number of samples varies between analyte in
&M]}?L > 11422 00'21400 0'10238 02(1)329 020:07 042622 stdev of RPD _ 227 A A 12% A A Kldney the 1998 study. Mercury and Se, from the current study, show similar RPD’s (197% and
, other ) ) - . ) Average RPD 4 115% N/A N/A 65% 40%, N/A | | | 196%, respectively) in the liver and have significantly higher concentrations than any
Liver Fetus 4 1.36 ND ND 11.5 1.25 0.523 Kidney In kidneys, fetal concentrations are lower than the respective mother for all other analyte or tissue analyzed (Tables 3 and 2, respectively). The fetal liver
eMDL - 0.14 0.019 0.0044 0.20 0.014 0.026 stdev of RPD - 29%  N/A NA 3T 28%  NIA analytes (Table 2). A similar study investigating mother and fetus pairs of Caspian concentrations of Hg and Se are consistently lower than their mothers (Table 2).
Mother 2 ND ND 0.171 0.715 1.20 2.24 Average RPD 4 4%  N/A N/A NA 65%  N/A seals found RPD’s that were consistent between mother and fetus pairs but varied
Intestine Fetus 4 ND ND 0.107 3.87 3.84 3.08 Lung by analyte for Hg and Mn. (Figure 2) (Watanabe et al. 2002). This suggests that
eMDL - 0.072 0.11 0.0054 0.063 0.049 0.20 stdev of RPD ) 9%  Na A NA —— 6l%  NA neonate pups of both Caspian seals and SSL may have similar metabolic ]
Mother 5 0.512 0114 ND 0.951 ND 0.419 Average RPD 3 259, N/A N/A N/A NA  63% pathways for Hg and Mn in the kidney. On average, Cu concentrations of the CO"CIUSIO"
Bladder Fetus 4 0.597 0.0650 ND 718 ND 0.228 Heart O O mother Steller sea lion kidneys were higher, than in the Caspian seals, with a
eMDL _ 0.033 0.0063 0.013 0.030 0.023 0016 stdev ol RPD ) 2% NA N WA A 4 fetal concentration about equivalent (Table 4). This may account for the greater To the best of the authors’” knowledge, this is the most comprehensive elemental study
Mother 4 ND 0.000 ND 1.61 ND ND Average RPD 3 N/A N/A N/A 4%, N/A N/A RPD in the current study (Table 3). of maternal-fetal concentrations in Steller sea lions to date. Elements analyzed in this
Placenta MDI _ 19 0.10 0.0068 0.039 0.047 0.062 Muscle study showed that each organ exhibits distinct gestational transfer patterns for each
e h N.D I\.ID .ND | i\ID i\ID ey o PP : A S A 3270 A A Concentration (mg/kg) analyte. This may suggest that some analytes may be incorporated into the fetus
Amniotic Fluid Mother 4 0.723 Average RPD ) 197%  NA /A o a3%  196% Study Sample Type | n= He Cu Mn because they. are essential nutrients. Other analy’ges with high RPD’s suggest that there
eMDL _ 1.2 0.10 0.0068 0.039 0.047 0.062 Liver Mothor 1 > 44 5 03 .00 may be a limit to the amount of each analyte that is transferred to the fetus. The patterns
Table 2. Average tissue concentrations (mg/kg w/w) of fetus and mother SSL from the coast of Washington State. If less stdev of RPD ) 2.4%  NA A 24%  60% 1.7% Altken et al. (2016) Fetus 4 0.678 2 84 0.728 presentepl herg ke Compa.rable to previous stuc!les showing that other pmmpepl SPECIES
than 50% of the sample results were 10x greater than the eMDL, the average was deemed ND. Averaoe RPD , A A 679 106%  95% 250 Watanabo ot al Mother - 1 4 > 9 0 may exhibit similar gestational transfer properties. Due to the small sample size of this
Intestine s (2002) ' Fotus | 0'3 2.8 0'4 study, it is difficult to draw conclusions of gestational transfer from mother to fetus. To
stdev of RPD - N/A N/A 39%  35%  36%  7.0% ' ' ' increase confidence in the findings, it is recommended that future investigations
) ) ) Table 4. Average mother and fetus metal concentrations (mg/kg) in kidney of SSL expand the scope to generate greater statistical significance. Further expansion of the
Slndder Average RPD 2 N/A 56%  N/A 82%  N/A 40% from the current study and Caspian seals from Watanabe et al. 2002. current study will also investigate compounding effects of elements on the health of the
stdev of RPD | - 29%  54%  NA  25%  NA  1.6% organism.
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Figure 1. The average RPD of significant analyte concentrations in mother-fetus pairs of organs in Steller sea lions. ND
results were excluded from this figure.

Table 3. Average tissue RPD (%) between fetus and mother Steller sea lions collected from the
coast of Washington State. If less than 50% of the sample results were 10x greater than the
eMDL, the average was deemed ND. ND concentrations resulted in N/A RPD's and stdev's.

Heart

Fetuses also show less than 30% RPD of Hg
concentration from their mothers in the heart
(Table 3). In two of the three mother-fetus pairs,
fetal Se in the heart is about 40% greater than in
the mother. This is the only analyte that showed a
pattern of concentrating higher in the fetus than
the mother. Selenium is an essential nutrient
important for protein synthesis that may be

needed in larger concentrations in the heart for
fetal development (NIH 2016).
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Figure 2. RPD of mother-fetus metal concentrations in kidney of Steller sea
lions and Caspian seals.
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