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Examination of impact assessment of the oil spill using n-hexane
extracts gravimetric method on Kesennuma Bay sediment after
the Great East Japan Earthquake

Eriko Kono' T, Makiko Yumikr', Katsuya Suimapa', Katsuhide Yokovyama? and Tkuo YosHINAGA®

20114E3 11 HOFACH G AN R OFHEIC L Y, SAIBIIIE T 2280+ A v 8 ¥ 7 2 S, 11,500 m® Ol
TR KRB K DI L7, 2N 0 OBNIRENOEH LR T 2720, KRS CREERBRE Q0114E5H) KU
REIRBEE Q0124E 11 A) ORI - W %2 4T 72, REOMB A mE RS n-~NFH Vil (HE) L 8EWTiE, W
FZOWFEIENA A SN, nHE DT AT 10 R ME & 72 o 72, nHE I SEM i LIS b b & e ki 75 ~ 7 b
VHERDUREBE S ENEINDL I ENS, WMASAAERZ BRI L2 E 2 5N, KNG CHKOMBIOEE
LIRS 2 72003z oW 5 2 2_E L. T2, HRAHOEELS, KAMBEBEOKERBIIEIE
CHILSHERLZZ2D0TH Y, Sl b5 RHERE L VIRV &2 5, MM X 2 KEY~OMESEDOKEIZ
g sh.

Kesennuma port is the largest fishing port in northeast Japan. Twenty-two oil tanks stipulated to refuel fishing vessels
in this port were destroyed by the tsunami that occurred on March 11, 2011. This resulted in a massive oil spill of
11,500 m* accompanied by a massive fire in Kesennuma Bay. The distribution of spilled oil in the sediments of the bay
was investigated in the present study. Surface sediments were sampled in May 2011, and the sediment core was sam-
pled in May and November of 2012. The concentration of n-hexane extracts (nHE) was compared with that of mineral
oil, in order to serve as another indicator of oil content of the sediments. The nHE concentration was 10 times higher
than the mineral oil concentration. The »HE concentration overestimated the amount of oil present in Kesennuma Bay,
because the nHE contained not only mineral oil but also sulfur compound and chlorophyll pigment. Hence, it was pro-
posed that the mineral oil must be analyzed independently, in order to understand the extent of oil pollution in the ma-
rine sediments. A vertical core study revealed that several centimeters of the surface deposit were made up of new phy-
toplankton detritus and that the mineral oil concentration increased at depths of 5-10 cm. Since the sediment surface
was covered with newly formed deposits and the maximum concentration of mineral oil was 1.2 mg/g, it was inferred
that the influence of oil odorant of the marine products by oil spill in Kesennuma Bay was low.

Key words: Kesennuma Bay, n-Hexane extract, Mineral oil, Sulfur compound, Chlorophyll pigment
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20114E3 11 H O R 5 R i 12 X 2 d ik 564k
WBWT, KPEHN ISR 2 E 2 20 72 &dil
BETE, BHNOEMIBRE 2R 272000 M8 v 7
2L S N KGR, EWMFE O, K115 T ks
L7 ok Lz ER KT F T
o723 GRANET, 2011; 4K, 2012), BN TE
LT RBIEACTIRL, KELAZ EEBED2011
AESH 21 HICHEE S 2SBHT W72 B8, RAITETE O W
WA R > TEY, B LETOMBENDbLPZIIETH->
72, SABERRICE A AR 2 7 AR TH

D, SARABINCIEKRED D 5 72O W PR % 8 LTk
Boigcdy, =BEAFROMBTHL LI, »E -1
72 CTH, bhrOo#EiiyTbdb. LirL, HELEI
WHEd BERZEMICE Y, EHBOBRKEIIRA11ImE
%Y, EREBOREIZIZIZEEL, FH254E2 KRN T
SAETHOHHED ) LEIBTHICETTETWIDIR
3T L o T D (KANET, 2013). Z O
il B B & it U 728k & 2 ALl o 54 o 588 12D
WTIEIR L, KEMNG 2 5 B2 IR 5720, BIEA,
FORRER S L VB R BE BN A v 7 — SR
WAL DUt &2 BRI L CTB ) (BREEA, 2011;
AT IE A, 2013; BB AKERMRA L Y 5 —, 2011),
2011 4E 8 H AR & B4R D 20124E 3 H A TIZ, SAIE
HECTIRIRBE R T M5 08P LT b —T, KE
WS IS A TH L EEWELTWS (h
., 2012).

IRPERARFEHESE T (HAKEE BRI 2, 2013) T
&, EKOKEICE N DM O L L CTr-NFH
VY ESEILT0.1% (=1mg-g) &L Twa. KEH
KIEHETIE, [RFEBIREY O IEH 72 4k BB X OBl % HEF;
L, TOKBIZBWTHEL LR ITH) TEHTE, »
D, ZORBMORFMMEIMET L2 L] #HBEL
TWwa. £/, ZOMEMIZ, FCoaBRE > &l o ki
2 IICHEL TV DL, [LEICE U TrRAKEIC
T BB, WIE, KPS Z AW T 5 &
B, M2 DBEBREMH LT, MK SMIHE
BLEREERZETLLEND L] EFHIY 2o TOE
EARRLTH 5.

W DM DIREEIIAKER K EIEDOHRTH L Z L
5, EEFOMSOFEAERN RS 5B n-NFH v
P OERILEZ WD 2 ENE L, BEAVPROAKE
FRIAT - 7K MO BRI AKIRDIKEE =5 ) » 7t
WZBWTh n-AFH VO RERE L D > THGEE LS L
Tz, LHLads, B35 X9 ~"FHUilLo
TSN 2WEIITMG DA D EEND 2 &0 5,
DEEHEIC X o TS OFEASEY TR WAL E 2
NG, [AFEHEIZB T O FICE L TE SR80 &0

WG LR RET DU EDPH L LR L THHI L
7O, AEZETIE, MhRERERA~Y =27 V] FIZRE
TV /MG O5HTEZ I THYMZ ERm L, n-NF
Y OFEREREIS X HARR L L TRE R
BULKEOWMGREMH T L) A TORELZEHL
72, SHIEKICE o TR L, SUNTEE & 2 08
OGN HERE L 72 & b % n-~F 4 2ol & giiho
FAERRICOWTERL, 4k, WGRDE C2B oY)
BT DI EERET 5.

MEEFE

REH R ROITER

AL E IR AL I8 3 2 KAIEE & 2 OB TH 5 H
WETBI % -7z (Fig. 1). HRAMEISIIRER 4.8 km, 74
J#3.6kmTH Y G LREIT, 2013), fAKEIZ38m
Thb.

B HAT I, 20114E5 H, 20124E5 H R 0M20124E 11 H
D3 M4 (Table 1), SANRE BRI O K AEE (St 15),
BIIEE (St 11) A SERBIZ T TOREHT (St. 8, St. 9,
St. 10), M OBEMRE (St.2, St. 3, St. 4, St. 5, St. 6) Tik#l%

Latitude (°N)

w
o

Figure 1. Sampling locations in Kesennuma Bay that include
Kesennuma Port, Oshima Seto, and Moune Bay. Sediments
were sampled at three stations (St. 2, St. 4, and St. 5) in
May 2011, at seven stations (St. 3, St. 6, St. 8, St. 9, St. 10,
St. 11, and St. 15) in May 2012, and one station (St. 8) in
Nov. 2012.
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Table 1.

AR

Sample and Items for measure in this study. The concentrations of each item were analyzed within a few weeks after each sam-

pling, but the items with *1 were analyzed on Sep. 2012, and *2 on Nov. 2012.

Date Station Item

May-2011  St. 2, St. 4, St. 5 (Surface layer) n-Hexane extract, Mineral oil*l, Total Sulfur™

May-2012  St. 3, St. 6, St. 8, St. 9, St. 10, St. 11, St. 15 (Vertical core)  n-Hexane extract, Mineral oil, Total Sulfur

Nov-2012  St. 8 (Vertical core) n-Hexane extract, Mineral oil, Sulfide, Total Sulfur, Chemi-
cal Oxygen Demand (COD), Total Organic Carbon
(TOC)

Table 2. Analytical methods.
Item Manual title source Overview of analytical methods Sediment usage Analytical instrument
n-Hexane “Water Pollution Investigation After soxhlet extraction with n- Dry sediments, 20— Electronic force bal-
extract Guidance (new version)”, hexane, the weight of residues is 30 g ance

Mineral oil

Total sulfur

Chlorophyll a

(2008). Kouseisha-kouseikaku
Corporation.

“Coastal Environment Research
Methods (Sediment/Organism
edition)”, (1986) The Oceano-
graphic Society of Japan edition.
Kouseisha-kouseikaku Corpora-
tion.

“Japanese Industrial Standards K
0102 (2008) Annex”, Japanese
Standards Association

Japanese Industrial Standards Z
7302-7, 7.1b, 2002

Holm-Hansen et al.

measured by evaporating n-
hexane solvent.

After alkaline treatment, extract-
ed to n-hexane, dried, concentrat-
ed, eluting to carbon tetrachlo-
ride, the infrared absorbance is
measured.

After putting planchets into a
water-filled cylinder, samples are
incinerated through oxygen pres-
sure process. The sulfur content is
measured by an ion chromatogra-
phy after absorbing the generated
gas by water.

After extraction with dimethyl-
formamide, the Chlorophyll «
content in solvent is measured by
a fluorometer.

Wet sediments, 30—
50g

Dry sediments, 1 g

Wet
0.1 mg

sediments,

Infrared absorptiome-
ter

Ion chromatograph

Fluorometer

L7 (Fig. 1).

ELENES SR N S R 3 C AL

WHABZBRIL, 5S-10em T & IZH#LCEBE, PE T

R ZE AT 5 HIWT, SR L DR L 722500 5
BRIV —THAY), WIE R OLE5 520 5 2 i %
A Z FEHE LT B 720, FATHL S OSBRIV 55 A5 A
BN X D B o Twd, 20114E5 AR ERE O3 1
HTHPHAIZ - <y ¥ 74 YRR GRIGER72T
25cm, £ Z25cm) EHWTHREDEZRNL, FoRE
(0-8cm) 2R3y THEEHNTFHFA Ty Ny ZIZHIL
720 20124F 5 HERATCTIE, SALTEE D & FEARE £ TIZER
Jrz7di Tl a vy T — (T2 ) VRS
¢5.4 cm, AR50 cm) F72IAREARIRR S (HRAY) (7
Y NVEINAL T g1l em, &RES50em) &V CHEREY O

EARYY ML, MaeicF4ar Ny ZICHL7. 2012
N HRAE, 201245 HICHH A % FEHE L 72 KT 2
LT 5 St 8ITBWT, T2 UIWHEINL T (fllem, S
50em) & MW THREEZ 54 Y= & D EFERILL
12em &I # L CTRERICHA T Ny I L 7.
WINOFE S #HL,IZH L, WlEE TY A J A20°C
THRE Lz F72, BRIGUEHZ, 20114E5 HFRASTILIRIL
BEIZ, 20124E5 HRA L O 1 HA T oEEHICH
B X 2 IS O fLE & MR ORERE 1T - 72

PR E

GHOBE L LA~ = 27 VR Z OB % Table 2
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RS, B oMol E LT, —&ICHWwWS
TWDp-~NFH VMW ERICNA T, NhFERERA~
Z a7V 2SI, WMo RS TH DY E E
‘sl S50, aN"FH IO EICHEEL S5 2 5
EAL AW BT 5 A K O b, AR I B 5
AL F KR (COD) KU Ef#ikFER (TOC),
Wit ET 5227007 4 VallOoWTERGH L
7z.

PRICL 72 MW ik, A S o 2k L
WEZRA L7t Uz, JBEZi8 20-30 g 12 n-
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Figure 2. Distributions of n-hexane extracts concentrations in
sediments. Surface layer of sediments were collected by
Smith-McIntyre mud-sampler in May 2011, and vertical
cores were sampled in May and Nov. 2012 with a core sam-
pler. Average values of m-hexane concentration in surface
layers (0—10 cm) were calculated for the samples of May
and Nov. 2012. Blanks in the graph show no sample collect-
ed.

ANFFCERML, vy 7 AL -2 TR,
BRI 21T 5 72, £ ORIBE %2 25 S & Tk 725RED
HiRZ p-~NF3 U ERE L. —0, SEWahoiE
&, HEREW) GREE30-50g) % 1IMAKMIEHI )L -1
J =V E AT T VA ) B L 72121 n-~ Tl
- IR, DU LRER T L, RINRIOEREE R
(OIL CONTENT METER POC-100, E#:#/Em) 12X il
L7z, b, SBHREGE £ IR Z B 7012
BIHCTHEEL, ENICBWTHREY (BFE2-5g) 228 L,
B ORI 2 KA IEB X O ALKRFERZSBEL, L9
FICLDWEERITo /. SWEEE L, ZREN1 gz H
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Figure 3. Distributions of mineral oil concentrations in sedi-
ments. The collection procedure and data analysis procedure
were the same as for n-hexane in Figure 2. The mineral oil
concentration in May 2011 may be underestimated because
the sediment samples had been stocked in a refrigerator and
part of the mineral oil might have evaporated.
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10, YA - ALV RX-FK) XY MEL suw
74 Ve, HRY GREHOImg) %Y AF Nk
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B A& FOLBEEEIC XL D e L7z,
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EKEXEOHSEDOEILES R

310 DS E R A BT 5 MR O S E K D n-F
WU EE & S IR E O 43 Aii & Fig. 2 % O°Fig. 31287
CC, FIAIIBIT 2 B ORI EAE D 72 ORI L 72
RBOE SRR L 00, ST EIE L
T 572012, 20124E5 H L OV 11 AR L 72 HERE W sl Rt
WZOWTEE0-10 cm EDIREE L 72 B X 9 IR &2 P31k
L7 ZO/R n-~NFH Wi E (Fig.2) |
20114E5 HA TIH092.0mg g™, 20124E5 HAE T
0.9-6.1mg-g”!, & H IZ20124F 11 H & TIlEsSt8T
34mgg &Y, WTNOPARYTH KERT O AT
KEAKRIERE (01%=1mg-g') & k- Twiz, 554
SRR T 2011 4E 5 HFAATIE St. 575, 201245 4
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TSt 625k b B <, BEDHEONH D
< R B A DTz, FARIS, SAIEE R GUIARYE)
T, 20124E S A SEROSL 15 X 0 BRI AL
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Figure 4. Vertical profiles of n-hexane extracts concentrations and mineral oil concentrations in sediments. Symbols ‘- in the figure
show the slice positions. The slice thicknesses were 5 and 10 cm from the surface in St. 3, St. 8, and St. 10. The slice thickness in St.
6, St. 9, St. 11, and St. 15 were determined by sediment characterization.
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N7z, Zhicxr LT, St.6,St.9,St. 10 L USt. 11 T, n-
ANF Y R OB B W TR OB E R T
J& & LA ASA S, St 11 DAt 1S Tl hE (-
10cmf@) TRAMEE o7 —7, KBS OHERES

DAL S % St. 8 T, FE (0-5cm) Tu-~NFH Vi
WIESHERL TIBOWRE L D b Ehro72b oo, Y
Tl 0B 2s i s e,

BRI IC BBLUC & 0 BI85 L 728 E MR DI S &9
W R R O BRI O WVTI/RT (Table 3). Kl EKRE
0-3cmBTIXERBIZKLELZMW 7S > 7 b VRl E
B3 Tdh B EEZ LN HAEHEY R S L (Fig. 5),
F 72U K OV BT AEHERR TR S Y, Fh K
D TOHED B VIE TR TR S .

Table 3. Thickness of newly deposited sediment layer (NDSL)
and oil droplet and oil smell of sediment core samples.

Date Station NDSL Oil droplet/oil smell
May, 2012 St. 6 0-2 cm 2 cm deeper
St. 9 0-3 cm 3-7cm
St. 11 0-2 cm 16 cm deeper
St. 15 0-1cm 1 cm deeper
Nov.,2012  St. 8 0-3 cm 4 cm deeper

z =

NI Y HEN ESEMEICE T IREEDER

Fig. 612, AAFZEIZH W CTERILL 728 M0 T, BRIUR 0],
PRIUE 235 7 2 K3l R (S2MefR) D - F 4 v i
DWEE L WM OB E R L7z, EOREHIBWTH
n-~NF P ORI XS OMRE L ) b BB EA10
AR WEE o7z (Fig. 6). 21U, Table412/R"7 &
I n-NF 4 AR & ST O BT O E NI X B —
EDOBRMEZRLTWEIDEEZONDL. ORI
DNTHMHEDENIOWTERT S L, n-A"FH Ul
IR I CE R R S, BREMOERZRD L 2
LS, WA n-A"FH Lo TSNS 5 7
uu 74 VEORHPOESLHIE (LA FEOER L AHEIN
b, =), S e-~FF CmBRIc 7O Vv T A
LT U O E ZBRERICEREZMEL TV 5.
WG D JE K 2SI A &) D OMERTEE L Tn-nF
YHIEASEE ST WD GG R A A K94 —dk
W Z &GO TSRS 2R - WEREA~O T T A &
FIL e 0FE 2 —] (PRBRERES T RS
132, 2006) IZBWTH, WEHOEILEW AT~
WEVEA R O R B CIEMEICIEDRREDE L D L ST
WL ERPL, SRHFAEEIT - 2FZABHER T 0L
W EAS, BRI X o THi i L7285l A L Clhss il
FEME & 72 o 72 REVEASE 2 H .

Figure 5. Photos of newly deposited sediment layers on sea bottom. Upper-left shows surface observation of a sediment sample collected
by a Smith—McIntyre mud-sampler in May 2011. Upper-right shows a sediment core sample collected by acrylic cores in May 2012.
Lower-left shows the cup a n-hexane extracts form a sample of May 2012. Needle-shape crystals of sulfur are found.
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Figure 6. An overall relationship between the values of n-
hexane extracts and mineral oil in sediment samples ana-

FERE, ARG THM L7z n-~NF 4 il o 3R FEiE 12
X, mEILAEWE BbN s HLoMHETE L (Fig
5). 7o, BEAOXHAKBOKEE=S Y ¥ A
B (Fig. 7, (BRBEA, 20124F L DERD)) ki, =k
WEROWEE, EEIE, KHES) ORED Oy iE
F 2012 4E BRI 0 BB T 0.0l Rii-14mg-g' BREH
2012) THAHEHHEINTWE, KABE ORE okt
Ykt BEIX, 52 9EHT o 1998 4F L UF 2001 4F 12 0.1-13.0 mg - g™
(g, 2008) J21r0.01-2.51 mg-g™' (BhAKiEA, 2003) T
HY, BRBEIIBVTH1.0-18mg g ' THHI 0D,
SANEE OB BT 2 IE LAY Z R R o bifpE &
HELCIOfBREERETH Y, Ihhn-~F4 Vi
YO EEIRE L CTw AR, Zhud, ERD
B D n-~F 4 I O AR RIS WM O A TR L,
MEALEMORERED ETNTVLTREND S 5 2 L ICHE
LCTF—9ZMYFHLENH LI LEZRL TS,

72, Table312/R$ X912, 20124E 11 HIZSt. 8 & 0 %

lyzed in this study. UL 7R AR CI 7 5 > 7 b v R RN & D
NDHAERERW AR 03 ecm TR SN TB D, K
Kesennuma Bay {Kotanohama)
Kesennuma Bay (Hinatagai) \ Kesennuma Bay (Ooshima kita Oki)
T 20 LV N
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F 05 |
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Figure 7. Sulfide concentrations of sediments in sea bottom in Sanriku area, including Kessennuma Bay, Miyagi Pref. Referred from
“Bottom Sediment Quality Monitoring Results of Public Waters in Disaster Area by Ministry of the Environment” (Mar. 2012, Minis-
try of the Environment) . One hundred and thirty-two results from sea areas affected by the Tsunami of the Disaster on 3.11 were lined

up from north to south.

Table 4. Two different methods for estimation on oil content in sediments, n-hexane extracts and mineral oil.

Item n-Hexane Extract

Mineral oil

Mineral oil
Chlorophyl, Pheophytin
Sulfur compound

Target substance

Methods of analyses

Mineral oil

Extraction method Extraction with n-hexane for Adding potassium hydroxide-ethanol solutions, the samples are heated to
5-6 h. reflux for more than 1 h, and then extracted with n-hexane.

Purification —

After the extraction, nonvolatile animal or plant oil is removed by a florisil

column (activated magnesium silicates column).

Measurement
residue is weighed.

After evaporating the hexane, the ~ Afterfilteration with florisil columns and the solvent (n-hexane) being
evapolated, the residues are dissolved into carbon tetrachloride, and mea-

sured colorimetrically with a infrared spectrophotometer.
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DML EO—REENPEO T Ik - WAL, Euiik
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AT X, [ (St.8) IZBIFAH20114EII D 1
07 4 Va®DSRESAIE, 0-1cm /B T204ug g™, 1-2cm
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JELLZE) Tk loug g ' MITThotz (EEDZ7onm 74
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Table 5. Chlorophyll-a content in sediments at St. 8 collected in Nov. 2011. The reference is the chlorophyll-a content (average with
range in parentheses) in the surface layer (0-5 cm) of sediments (»=38) in Mikawa Bay (Kaneko et al., 2011).

St. 8 in Kessennuma Bay, this study

Mikawa Bay (Kaneko et al. 2011)

Analysis layer (cm) Chlorophyll a content (ug-g™")

Analysis layer (cm) Chlorophyll a content (ug-g™!)

0-1 20.4
1-2 85.1
9-10 8.1
19-20 5.1

0-5 10.2 (0.0-59.9)
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