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Abstract. In order to better understand the impact of the
Fukushima Daiichi Nuclear Power Plant (FDNPP) accident
on a commercial marine species, neon flying squid (Om-
mastrephes bartramii) samples obtained from the northwest-
ern Pacific in November 2011 were analyzed for a range
of artificial and natural radionuclides (Cs-134, Cs-137, Ag-
110m, U-238, Ra-226, and K-40). Short-lived radionuclides
Cs-134 and Ag-110m released from the FDNPP accident
were found in the samples, with an extremely high water-
to-organism concentration ratio for Ag-110m ( > 2.9×104).
While accident-derived radionuclides were present, their as-
sociated dose rates for the squid were far lower than the rel-
evant benchmark of 10 µGy h−1. For human consumers in-
gesting these squid, the dose contribution from natural ra-
dionuclides, including Po-210, was far greater (> 99.9 %)
than that of Fukushima-accident radionuclides (< 0.1 %).
The whole-body to tissue and whole-body to gut concentra-
tion ratios were calculated and reported, providing a simple
method to estimate the whole-body concentration in envi-
ronmental monitoring programs, and filling a data gap for
concentration ratios in cephalopods. Our results help fill
data gaps in uptake of nuclear power plant radionuclides in
the commercially important Cephalopoda class and add to
scarce data on open-ocean nekton in the northwestern Pacific
shortly after the Fukushima accident.

1 Introduction

The Fukushima Daiichi Nuclear Power Plant (FDNPP) ac-
cident, which was caused by the combined effect of the
March 2011 earthquake and subsequent tsunami, resulted in

increased levels of artificial radioactivity in the marine envi-
ronment to the east of Japan (IAEA, 2015). The radioactive
releases, dominated by radiocesium, were transported east-
wards in surface water across the midlatitude North Pacific
at a speed of 3–7 km day−1 (3.5–8.0 cm s−1) and dispersed
widely in the North Pacific within a few years (Aoyama et
al., 2013; Smith et al., 2015), which raised concerns about
the potential impact on marine biota and human consumers
of seafood products.

A large amount of research has been conducted to deter-
mine the level of artificial radionuclides in biota samples and
to assess the relevant radiological impact on both human and
marine species. However, most studies have focused on the
concentration of radiocesium in fish (Johansen et al., 2015;
Wada et al., 2016), and only a few publications have reported
on radionuclides in other marine species (Buesseler et al.,
2012; Yu et al., 2015). Few data are available for open-ocean
locations as compared to coastal areas, especially from 2011.
Filling these data gaps will improve and expand understand-
ing of the dynamics of cesium in the early months following
the accident.

Ommastrephes bartramii (neon flying squid) is a migra-
tory squid species that is commercially important, consumed
by humans, and is common in both the Pacific Ocean and
circumglobal temperate and tropical waters. It feeds near the
surface on small fish and is thus a potential accumulator
of radiocesium via dietary and water pathways. Moreover,
cephalopods have a strong capability to accumulate silver in
their bodies (Miramand and Bentley, 1992; Bustamante et al.,
2004), potentially indicating uptake of the short-lived (0.70
year half-life) Ag-110m released from the FDNPP accident.
Similarly, the presence of Cs-134 (2.1 year half-life) in sam-
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ples would also indicate a pathway from FDNPP releases.
Therefore, specimens captured at locations in the North Pa-
cific may serve as bioindicators of the presence, strength, and
movement of the radioactive signal from the Fukushima Dai-
ichi accident.

This study assessed samples of O. bartramii obtained from
the northwestern Pacific in November 2011 for a range of ar-
tificial and natural radionuclides (Cs-134, Cs-137, Ag-110m,
U-238, Ra-226, and K-40). The radiological dose rates and
relevant risk levels were determined for the squid, as well as
potential dose rates for human consumers of squid. Consis-
tent with international efforts to compile data of radionuclide
transfer from environment to biota (Howard et al., 2013),
concentration ratios (whole-body to water and whole-body
to tissue) were calculated and reported, including those for
different age classes of squid.

2 Materials and methods

2.1 Sample collection and analytical procedure

Thirteen composite samples of O. bartramii with a total
weight of 126.2 kg were obtained by bait fishing in open wa-
ter in the northwestern Pacific. Six sampling locations were
selected within the area of 34–39◦ N to 145–149◦ E to inves-
tigate eastward deposition and oceanic migration pathways
of radionuclide releases from the FDNPP (Fig. 1). To ensure
sample mass was sufficient to reach minimum detectable ac-
tivity (MDA) levels for key radionuclides, composite sam-
ples of multiple specimens from the same sampling site were
used. For those sites with enough sample mass, the speci-
mens were divided into different composite categories ac-
cording to body weight. Specimens with a body mass less
than 1 kg were categorized as “small”, those between 1 and
2 kg were categorized as “medium” and those heavier than
2 kg were categorized as “large”. The samples were frozen
at −18 ◦C on board for transport to the laboratory for subse-
quent analysis.

Squid samples were dissected, after thawing, into mus-
cle and gut tissues (other soft tissues including the diges-
tive tract, gills, heart, gonads, and associated glands), dried
at 50 ◦C, and then ashed at 450 ◦C. The fresh weight and ash
weight of the composite samples were recorded. The ash was
sealed in cylindrical 75 mm diameter containers and was then
subjected to a planar HPGe (high-purity germanium) spec-
trometry for detection of gamma-emitting radionuclides.

At each station, 60 L surface seawater samples, were col-
lected with a submersible pump, stored in polyethylene bar-
rels with acidification to pH= 2, and taken back to land-
based laboratory for analysis. With carriers of CsCl, AgNO3,
CoCl2 q6H2O, and FeNH4(SO4)2

q12H2O added into the
samples, Ag-110m in the seawater was collected with AgCl
precipitation; Cs-134 and Cs-137 were collected with AMP
(ammonium molybdophosphate) precipitation, and 58Co,

Figure 1. Map of sampling sites.

60Co, 54Mn and 65Zn were collected with Fe(OH)3 precip-
itation sequentially. The precipitate was collected with suc-
tion filtration, ashed at 450 ◦C, weighed, boxed, and then sub-
jected to HPGe spectrometry. Method validation was carried
out with standard solutions of Cs-137, Ag-110m, Co-60, Mn-
54, and Zn-65. Gamma rays from artificial radionuclides (Cs-
134, Cs-137, Ag-110m, Co-58, Co-60, Mn-54, and Zn-65)
and natural radionuclides (K-40, Ra-226, and U-238) were
analyzed using a planar HPGe detector (model BE6530 with
multi channel analyzer Lynx system, Canberra, USA). De-
tection efficiencies for the geometry used were 2.8 %, 2.7 %,
2.6 %, 2.2 %, 1.5 %, 2.1 %, 1.7 %, 1.5 %, 4.3 % and 8.5 %, for
Cs-134, Cs-137, Ag-110m, Co-58, Co-60, Mn-54, Zn-65, K-
40, Ra-226, and U-238, respectively. The counting time for
each sample was 24 h. Genie 2000 software was used to an-
alyze the respective peaks in the energy spectrum. The con-
centrations were corrected for decay to the initial date of the
nuclear accident on 12 March 2011, when the first hydro-
gen explosion occurred in Unit 1 of the FDNPP (Wakeford,
2011).

2.2 Dose assessment for squid

The ERICA Assessment Tool (version 1.2; Brown et al.,
2008) was used with Tier 2 assessment to evaluate the ra-
diological risk to squid from the study areas in 2011. The
ERICA tool has the capability to specify organism sizes, and
in this study average mass (1.3 kg) and dimensions (ellip-
soid equivalent of 0.3, 0.1, and 0.085 m for length, width, and
height, respectively) from the specimens were used to calcu-
late dose rates. The dimensions of the average O. bartramii
are very similar to the standard ERICA “pelagic fish” and
therefore the dose rates, as calculated by ERICA, are also
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similar. The measured activity concentrations in the whole
body of 137Cs, 134Cs, 110mAg, 226Ra, and 238U in the sam-
ples were used as dose calculation input. The maximum tis-
sue activity concentrations were used for a more conservative
result. As O. bartramii are migratory, their radionuclide tis-
sue levels represent an integrated accumulation from recently
traversed areas in the open ocean. Since the exact migratory
routes are unknown, the external dose rates to the squid were
calculated using the average of water radioactivity levels in
the study capture region (average of samples across all sam-
pling locations). In this instance, using the average is rea-
sonable because the external dose rates for artificial radionu-
clides were much lower than the internal dose rates. As a
result, variable water activity concentrations had little influ-
ence on overall dosages. For internal dose rates for squid, the
dose conversion coefficients (DCCs) were calculated within
the ERICA tool (Supplement). The occupancy factors were
100 % in water, and weighting factors of internal low beta,
internal beta/gamma, and internal alpha were set as 3, 1, and
10, respectively.

2.3 Dose from ingesting squid

Committed effective doses (sievert, Sv) for human con-
sumers of squid were estimated using standard exposure-to-
dose conversion factors (DCFs) for ingestion from the In-
ternational Commission on Radiological Protection (ICRP)
Compendium of Dose Coefficients based on ICRP Publi-
cation 60 (ICRP, 1999). Key DCFs are 1.30× 10−8 and
1.90× 10−8 Sv Bq−1 for Cs-137 and Cs-134, respectively
(DCFs provided in the Supplement). The factors are multi-
plied by intake (e.g., kg yr−1) to obtain committed effective
doses for the consumer. In this study, the annual intake rate
of seafood by an adult consumer is assumed to be 20 kg yr−1

(consistent with world per capita fish and related seafood
consumption; FAO, 2016). As a conservative assumption, the
entire 20 kg yr−1 for a hypothetical consumer is assumed to
be sourced from the squid of the study area east of the FD-
NPP (in practice, only a small percentage of a seafood diet
would be sourced from this region). As most dose rates to
human consumers of seafood typically come from the natu-
ral radionuclide Po-210 (∼ 89 %; Johansen et al., 2015), the
seafood ingestion dose rates here were compared with and
without Po-210 to provide a context of the relative influence
of the FDNPP accident radionuclides. For this comparison, a
generic Po-210 seafood value of 15 Bq kg−1 was used based
on Hosseini et al. (2010) and consistent with the conserva-
tive (lognormal 95th percentile) based on the limited squid
data in Carvalho (2011), Heyraud et al. (1994), and Waska et
al. (2008).

2.4 Whole-body concentration ratios

The water-to-organism whole-body concentration ratio
(CRWB :Water) used here is defined as:

CRWB :Water = (1)
Whole-body activity concentration (fresh mass) (Bqkg−1)

Water activity concentration (BqL−1)
.

The whole-body activity of a radionuclide was estimated us-
ing a mass balance approach (Yankovich et al., 2010) to
reconstruct the amount of radionuclide in the whole body
of the squid. The whole-body to tissue concentration ratio
(CRWB :Tissue) was estimated as

CRWB :Tissue =

∑[
Tissuet activity concentration (fresh mass)

·Tissuet fresh mass fraction

]
Tissuet activity concentration (fresh mass)

. (2)

3 Results and discussion

3.1 Description of O. bartramii specimens

In total, 98 specimens were obtained from six stations. The
mass of the specimens ranged from 118 to 2551 g, with an
average of 1347 g. Sixty percent of the specimens weighed
701 to 1700 g. The trunk length of the specimens ranged from
115 to 440 mm (on average 333 mm). Seventy-five percent of
the specimens had a length greater than 290 mm (adult size),
suggesting that the majority of the specimens hatched in the
winter of 2010 or spring of 2011 and had been living for 8
to 11 months (Wang and Chen, 2005). Combining the esti-
mated age of the squid, and assuming residence in the general
region east of Fukushima Prefecture, it can be inferred that
most specimens had been accumulating radionuclides since
the FDNPP accident. However, a minor proportion (the small
size category) may have hatched after the accident and had
shorter exposure times.

3.2 Activity concentrations and concentration ratios
(CRs) in squid

The activity levels of radionuclides in Table 1 indicate that
all O. bartramii size classes had accumulated radionuclides
from FDNPP releases as indicated by Cs-134 and Ag-110m.
The squid specimens had a strong capability to concentrate
Ag in their bodies. The maximum activity of Ag-110m in the
whole body of O. bartramii reached 9 Bq kg−1, as compared
to that in water, which was below the MDA of 0.22 Bq m−3,
indicating a maximum concentration factor higher than 4×
104 for all size classes. The mean CRs for Ag-110m were
calculated as > (3.0± 0.9)× 104 (Table 2), using the MDA
as the activity of seawater in Eq. (1).

Although this estimate contains large uncertainties be-
cause of using MDA of Ag-110m as the water concentra-
tion, these Ag data provide new insights for international
researchers. Additionally, they fill a gap because the rel-
evant international database (Wildlife Transfer Parameter
Database; http://www.wildlifetransferdatabase.org, last ac-
cess: 15 November 2018) and IAEA Technical Reports Se-
ries No. 422 have entrees for Ag uptake in the mollusk cate-
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gory (3.6× 104 and 6× 104, respectively), but none specifi-
cally for squid/cephalopods.

The mean CRWB values for Cs-134 and Cs-137 in O. bar-
tramii were 6.3 (±2.8 SD) and 5.6 (±2.6 SD), respectively.
These values are similar to previously published mean con-
centration factors for Cs ranging from 2 to 14 in cephalopods
(Bustamante et al., 2006; IAEA, 1978, 2004; Ishii et al.,
1978; Suzuki et al., 1978). The slightly lower CRWB in this
study is well within the range of expected variation, which
can be very high for water-to-organism CR values (e.g., re-
ported CRs for Cs-137 in marine fish range over nearly an
order of magnitude; Beresford, 2010). The activity concen-
tration of 137Cs in the research area reached a maximum
of ∼ 600 Bq m−3 in June 2011 and soon decreased to be-
low 100 Bq m−3 (Aoyama et al., 2016). Considering the tem-
poral change of radiocesium in seawater and its relatively
short biological half-life (∼ 70 days) in marine organisms, in
this study, the CR calculation used mean Cs-134 and Cs-137
seawater activity concentrations (35 and 36 Bq m−3, respec-
tively) from this study’s November 2011 sampling, which
were similar to the ∼ 50 Bq m−3 reported for the same open-
ocean area July–December time frame (Kaeriyama, 2017).

The results also showed that both Cs-134 and Cs-137 were
concentrated mainly in the muscle of the squid (Fig. 2a). Ce-
sium behaves similarly to potassium in biota and tends to be
distributed to the muscle tissue. These results for the open-
ocean real-world conditions are consistent with previous lab-
oratory results of more than 80 % accumulation in the mus-
cle and head of cuttlefish after only 8 h of exposure to water
(Bustamante et al., 2004, 2006). In contrast, for Ag, the open-
ocean squid had 95 % Ag in the gut versus muscle (Fig. 2b).
This result was also consistent with the laboratory cuttlefish,
which had 98 % Ag in the gut following a single spiked feed-
ing and 29 days depuration (Bustamante et al., 2004). From
the same study, within the gut, accumulation of Ag is domi-
nant in the digestive gland.

The smallest squid samples had the highest concentration
factors for Cs-134, Cs-137, Ag-110m, and U-238 (Fig. 2).
Despite their inferred shorter exposure times (shorter life
span), the higher accumulation occurred in the smaller size
class compared to the larger size class. These results are
consistent with observed Cs depuration rates in juvenile
cephalopods (Sepia officinalis) being ∼ 4 times slower than
that of adults, but both relatively fast (adult cuttlefish have
a biological half-life of 16 days for Cs and 9 days for Ag;
Bustamante et al., 2006). This previous study suggests the
radiocesium accumulation and depuration in O. bartramii is
relatively rapid and that our results primarily reflect recent
(∼ several months) exposure rather than longer-term accu-
mulation.

The levels of activity for 58Co, 60Co, 54Mn and 65Zn in the
samples were all below the MDA (0.22 mBq g-ash−1).
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Figure 2. Activity concentrations of Cs-134 (a) and Ag-110m (b)
in squid tissues.

3.3 Whole-body to muscle and whole-body to gut
concentration ratios

Most nonhuman biota radiation-dose-assessing models fo-
cus on estimation of dose rates using the whole-body activity
concentrations of radionuclides (Brown et al., 2008; United
States Department of Energy, 2004). However, muscle tissue
(vs. whole-body) is measured in most monitoring programs,
which typically focus on seafood tissues consumed by hu-
mans. Therefore, there exists a need for whole-body to tis-
sue concentration ratios that allow for estimation of whole-
body concentrations from commonly measured tissue data
(Yankovich et al., 2010).

The whole-body to muscle and whole-body to gut con-
centration ratios for radionuclides in squid samples are listed
in Table 2. For many radionuclides, the tissue-specific con-
centrations for the small squids tend to be higher than those
for large squids. The uncertainty in the whole-body to gut
CRs for Cs-137 and Cs-134 are relatively high because of
the comparatively low level and large activity range of ra-
diocesium in gut samples. The CRs presented here are cal-
culated for the nonequilibrium conditions following the ac-
cident. This issue is somewhat compensated for by using the
average activity concentrations that have accumulated over
time, albeit over the relatively short life spans of the squid.
Equilibrium conditions are generally not achieved in natu-
ral systems, and in our results all CRs should be considered
in context. Further research is necessary to obtain a better
estimation of the biokinetics of uptake in squid and of the
whole-body to gut CRs for Cs-137 and Cs-134.

3.4 Dose assessment results

3.4.1 Dose rates for squid

The internal radiological dose rates in squid from artificial
radionuclides (110mAg, 134Cs, and 137Cs) were collectively
much higher than the external dose rates (Fig. 3). This is
consistent with the observed accumulation of radionuclides
inside the squid body as compared with that in the sur-
rounding seawater. The internal dose rates from FDNPP-
associated artificial radionuclides were lower, by 2 orders of
magnitude, than those from the natural radionuclides mea-
sured in this study. Only approximately 1.4 % of the total

Figure 3. Dose rates (µGy h−1) from measured radionuclides in
squid samples.

dose rate is estimated to have come from the FDNPP re-
leases. The total dose rate for squid is 0.15 µGy h−1 from ra-
dionuclides measured in this study, and increases to approxi-
mately 0.61 µGy h−1 when adding Po-210, a natural radionu-
clide significant dose contributor in marine organisms (as-
sumes 0.001 Bq L−1 in seawater and a generic marine value
of 15 Bq kg−1 whole-body fresh mass, which is consistent
with a general value in Hosseini et al., 2010, and with the
lognormal 95th percentile of limited squid Po-210 data; Car-
valho, 2011; Heyraud et al., 1994; Waska et al., 2008). When
median squid data are used (3 Bq kg−1 whole-body fresh
mass), the total dose rate is 0.25 µGy h−1. Regardless of us-
ing the median or 95th percentile, these dose rates are much
lower than the most conservative screening benchmark dose
rate of 10 µGy h−1 (Garnier-Laplace, 2008). The dose calcu-
lations used the measured activity concentrations in the squid
(not CRs), and the calculated dose rates represent a point in
time (November 2011) with likely higher doses prior to, and
lower doses following, the sampling date. However, the rela-
tively low values indicate that a more detailed (e.g., pulse-
dynamic uptake) dose calculation is not necessary in this
case. Overall, results indicate that the radioactive releases
from the Fukushima accident would not have a significant
adverse effect on O. bartramii individuals or populations liv-
ing in the study area.

3.4.2 Dose rates for human consumers of seafood

From the radionuclides measured in edible squid tissue (mus-
cle), a committed effective ingestion dose of 0.010 mSv
(median; minimum= 0.007 mSv, maximum= 0.014 mSv)
would have occurred in a hypothetical human consumer of
20 kg yr−1 of squid from the study area (based on squid cap-
tured in November 2011). The doses calculated here are hy-
pothetical and are intended to be conservative overestimates
given the unrealistic assumption that all of the consumer’s
yearly seafood came from the study area. If consumption of
Po-210 (from a natural background) is also included, the total
dose increases to 0.30 mSv, with almost all derived from Po-
210 using a conservative generic value as described above
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Table 2. Concentration ratios for radionuclides in 2011 following the accident (see text).

CRa Size Cs-137 Cs-134 Ag-110m K-40 Ra-226 U-238

WB-M All 0.93± 0.28 0.94± 0.30 42± 39 1.0± 0.3 2.8± 1.6 2.4± 1.4
Large 0.82± 0.01 0.82± 0.01 39± 30 0.94± 0.01 2.4± 1.7 1.6± 0.8
Medium 0.85± 0.03 0.86± 0.06 48± 50 0.96± 0.01 2.0± 1.5 2.4± 1.2
Small 1.0± 0.0 1.0± 0.1 10± 5 0.99± 0.02 3.6± 0.5 4.2± 1.7

WB-G All 2.6± 2.5 2.3± 2.4 0.18± 0.02 1.3± 0.2 0.33± 0.29 0.24± 0.03
Large NAb NA 0.18± 0.01 1.4± 0.2 0.50± 0.43 0.28± 0.01
Medium 4.2± 4.2 3.5± 3.5 0.18± 0.02 1.3± 0.1 0.24± 0.09 0.24± 0.01
Small 1.0± 0.0 1.0± 0.4 0.16± 0.00 1.1± 0.1 0.17± 0.02 0.19± 0.01

WB-Wc All 6.3± 2.8 5.6± 2.6 > (3.0± 0.9)× 104 6.2± 0.7 15± 12 38± 39
Large 5.9± 2.9 5.2± 2.6 > (3.0± 0.4)× 104 6.4± 0.8 16± 12 27± 18
Medium 6.3± 3.2 5.3± 3.0 > (2.6± 1.1)× 104 5.9± 0.7 9.6± 9.4 24± 22
Small 7.5± 2.5 7.3± 0.1 > (4.1± 0.0)× 104 6.4± 0.2 26± 15 (1.1± 0.6)× 102

a CR: WB-M represents whole-body to muscle concentration ratios, WB-G represents whole-body to gut concentration ratios, and WB-W represents whole-body to
water concentration ratios. b NA: data not available because radioactivity of specific radionuclides in at least one tissue was below the MDA. c Values for Cs-134
and Cs-137 were calculated using mean Cs-134 and Cs-137 seawater activity concentrations of 35.1 and 36.2 Bq m−3, and the values for Ag-110m were calculated
using the MDA of Ag-110m in seawater (0.22 Bq m−3).

Table 3. Ingestion dose estimates for human consumers of the squid in this study (Sv yr−1 based on 20 kg consumption of squid).

Minimum Median Maximum This study %a

K-40 6.98× 10−6 9.43× 10−6 1.18× 10−5 3.12 %
Ag-110m 3.36× 10−9 2.02× 10−8 7.22× 10−8 0.01 %
Cs-134 2.28× 10−8 8.36× 10−8 1.48× 10−7 0.03 %
Cs-137 2.60× 10−8 7.02× 10−8 1.20× 10−7 0.02 %
Ra-226 1.68× 10−7 3.92× 10−7 0.06 %
U-238 1.44× 10−7 5.31× 10−7 1.59× 10−6 0.18 %
Po-210b 1.44× 10−5 2.92× 10−4 1.08× 10−3 96.59 %

a Based on median activity concentration values in this study (Table 1 data, average of all sizes).
b Po-210 from generic published data (Carvalho, 2011; Hosseini et al., 2010).

(Table 3). Of this dose (including Po-210), less than 0.1 %
is estimated to have been sourced from the FDNPP. This is
consistent with previous findings that natural radionuclides
provided far greater dose rates to potential consumers of Pa-
cific tuna (Fisher et al., 2013), and even for seafood sourced
within a few kilometers of the FDNPP in 2013 (Johansen et
al., 2015). The dose contribution from the FDNPP releases
for squid consumption of this study are far below the 1 mSv
per year recommended constraint for prolonged exposure by
the public from nuclear facility releases (ICRP, 1999).

4 Conclusions

Elevated levels of Cs-134 and Ag-110m from the FDNPP
accident were found in the squid (O. bartramii) samples col-
lected from the northwest Pacific in November 2011. The
whole-body to water CRs for Ag-110m in squid were found
to be as high as 4×104 L kg−1 in the smallest samples, with a
mean value of 2.95×104 L kg−1 in all the samples, indicating

that squid was a good bioindicator for Ag-110m from the FD-
NPP accident. The radiological dose contribution from the
FDNPP releases for squid living in the study area in 2011,
and for human consumers of these squid, was far below the
recommended dose limits. By comparison, natural radionu-
clides, particularly Po-210, provided greater dose rates by
several orders of magnitude. This study filled a gap in in-
ternational data of radionuclide transfer from environment to
biota (Howard et al., 2013) by providing concentration ra-
tios for several key FDNPP-associated radionuclides in the
whole-body and tissues of an open-ocean cephalopod.

Data availability. The data related to this paper are provided in the
Supplement and will be submitted to the International Atomic En-
ergy Agency’s Marine Information System (MARiS) database.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/bg-15-7235-2018-supplement.
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