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Abstract

An assessment of pollution status and deposition for heavy metals in sediment core samples near highly industrialized area
were carried out. The mean metal concentrations (mg/kg) occurred in the following  order:
Zn(353)>Cu(152)>Cr(119)>Pb(78.6)>Ni(49.9)>As(10.8)>Cd(1.20)>Hg(0.091). Cr, Ni, Cu, Zn, Pb and Hg were highest at St.
D. The highest levels of As and Cd were observed at St. A and St. C. These indicate that the drainage area and input from
industrial activities could affect metal pollution. Sediment cores have been found to be moderately to highly polluted for Cu
and Cd; moderately polluted for Ni, Zn and Hg; moderately to unpolluted for Pb, Cr and As on the assessment of pollution
status using geo-accumulation index. The results (sediment quality index; SQI) of assessment of sediment quality which was
based on the TEL of Korea ranged from “poor” to “very poor” condition. It indicates that enormous metal pollutants were enter
into the coastal region throughout sewer outlet. near industrial facilities 162,536 tons (dry weight) of highly polluted sediments
had deposited in the study area (0.547 km?) with depth of 68cm. Total amount of deposition for 8 measured metals was 116.2
ton. Zn had the highest value (52.4 ton) and other metals decreased in the following order of Cu(22.8)>Cr(18.5)>Pb(12.7)
>Ni(7.8)>As(1.72)>Cd(0.19)>Hg(0.014).

Keywords: Sediment cores, Heavy metals, Pollution, Geo-accumulation index, Sediment quality index
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Fig. 1. Sampling sites of the sediment cores near Banweol Smart Hub of Shihwa Lake
Table 1. Summary of heavy metal concentrations and sediment quality index (SQI) in the sediment cores.
) Al Cr Ni Cu Zn As Cd Pb Hg
Sites SQI
% mg/kg mg/kg mg/kg  mg/kg mg/kg mg/kg mg/lkg  mg/kg
A(~88cm) 8.07 119 435 110.7 260 115 1.06 58.6 0.091 56.5
B(~88cm) 8.24 109 44.1 102.2 254 10.7 1.17 61.9 0.095 54.2
C(~78cm) 8.03 130 51.9 169.2 340 104 151 88.1 0.089 434
D(~92cm) 8.62 137 65.8 2285 576 10.7 1.46 1105 0.114 39.6
E(~68cm) 8.48 112 49.7 152.5 368 10.9 1.08 79.8 0.078 49.2
F(~72cm) 8.17 129 51.2 192.2 381 111 1.26 79.9 0.096 46.0
G(~86¢cm) 8.28 101 42.9 106.7 289 10.5 0.83 71.4 0.075 58.6
Mean 8.27 119 49.9 151.7 353 10.8 1.20 78.6 0.091 49.8
1 =St A), 2 E7+(St. B), 3 E7(St. C), FAE Y Ta4 242 2 2 AZ30)
4 E(St. D), 5 E7+(St. E), 6 E7(St. F), 7 E7-(St. AdaE AFE °F 01 g & HEZE AEHEY
G) oA olad = A #d FZoJ(HNA: 12 cm)E (digestion bomb)ell ¥ i ol EAHHF),
ol-&3ste] EFEHAEo] AT HAEY ud ZAAHHNO;) 2 HAALHHCIO)S 7HsE H
HA Fes ozt A4 A H A H(Fig. 1). 7t ¥(hot plate)S o83 180C= 24 A7t

HAE IoAEs AFLE He FH 2 om
Ao ® Akslgltl. A& 572 7 %(Labconco
freeze dry system, USA)3IIom 2pEa7]
(Pulverisete 6, Fritsch Co. Deutschland) = -2} 3}
A s}tk

-2 &% &4

g, d8H, 42+, 0158

7FEEATH1L]. &7 A57F ke
A4S do] a3 FH 1 % Hiow
Agslste] SAsIaA} sk Ao ol AAE
3FA 3243ke] Inductively Coupled Plasma Mass
Spectrometry(ICP-MS; Thermo Elemental X-7)=
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Fig. 2. Vertical profiles of heavy metals in the sediment cores at St. A~D
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Table 3. Indices and class of geo-accumulation index (Igeo), pollution load index (PLI) and sediment quality index.

Igeo PLI CCME-SQI
Value Class Sediment quality Class Sediment quality Class Sediment quality
<0 0 Uncontaminated <1 No pollution 0-44 Very poor
0-1 1 Unpolluted to moderately >1 Pollution exist 45-59 Poor
polluted
1-2 2 Moderately polluted 60-79 Fair
2-3 3 Moderately to highly polluted 80-94 Good
3-4 4 Highly polluted 95-100 Excellent
4-5 5 Highly to very highly polluted
>5 6 Very highly polluted
HoAge A EAE Al I FEE a3t |
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Fig. 4. Geo-accumulation index (lgeo) and sediment quality
index (SQI) by the TEL value of Korea. Bars and error bars
represent mean and standard deviation (1c), respectively.
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Abstract

The optimal sediment remediation techniques for the western inner bays (Dangdong) of Jinhae Bay, Korea were
studied. We performed selective removal of contaminated surface sediments and analysis of environmental
improvement effect after spraying sand and sediment remediation agent from April 2015 to December 2016. In 2015,
sediment oxygen demand of core samples was measured after 18 days of treatment with sand (1.73 ®) or sand +
microbial agents. In 2016, these treatments were done directly on the test-bed sediments. The combined effects of
environmental dredging, sand capping and application of microbial agents were found to be outstanding for the
sediment remediation in Jinhae Bay.

Keywords: Jinhae Bay, hypoxia, sediment remediation, sediment oxygen demand
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Cho, 1978, 1979; NFRDI, 2009; KIMST, 2016).
oA SHUEE Egste] A AAY
Aty s ol A Ao A= A 299 7k 8t
o oRkgeolm F=2 kg s vhel A
A7 = 2L ) tH(Diaz and Rosenberg, 2008; Levin
et al., 2009; NFRDI, 2009; KIMST, 2016). 3] ®.t}
b7 SAEHA = 8oz AA A
Aol Aalsts AE4S dE AE(d, dead
zone) = WA A AL3], AA 2 2744 obd ke
A BFAZIA HE SR AAES
oF7] 8} A E tH(Levin et al., 2009; NFRDI, 2009). ~1
Bk olyet B4 ol HA % frE e APES

BEA VAR RAAE] AT P
gERA AR o9RsE ASAA 3
Rdgsts 0% SEee ARE xdsH

F tH(Conley et al., 2009; Diaz and Rosenberg, 2008;
Vaquer-Sunyer and Duarte, 2008; Steckbauer et al.,
2011). Wb ofof thgk A3} S ol s st
2 wer ohJe 98 = dstels A7
=3 e dk= A @ &} th(Zhang et al., 2010).
kel A WAkl #et A= &, B,
2 Ba"s FHoR bgdsiA ¥
F o™ (Lee, 1993; Choi et al., 1994; Lee et al.,
2008; Kim et al., 2010), = ¢ FZg A3} A=
972 S g A o) BEE g o2 A
bs dRHAL. 2w edHdEd
AT E A NE BH o) nhe ke Pej
Tk 19621 X ERE oA A Az
A2 A 2o 2 (Park and Kim, 1967), 1970
SHHRE A 27 08 A S HA thE
Aol wla] ZalA o] Fo] FTH(Cho, 1978,
1979, 1981; Lee et al., 1981).
BoATE Selue dedol
) 3 AP A W AN o g
QAshere] AR g FeoA -zt
Wd RAEE vk FAE ]
dgtow ogd HAE #A
StH skaat 428 = Aot
H1 Ak 2 (hypoxia, <2.88 mg O, L™, 2.0 ml O, L’
By FEA)TOA BT R s s A
T ud Aoz AP A Fgdste] A
Z dlitoll s skcH(Conley et al., 2009; Diaz and
Rosenberg, 2008; Vaquer-Sunyer and Duarte, 2008;
Steckbauer et al., 2011). E%ko|r} X 3}grof A
AApES F71=o] PAE Fol o) 4ks)
LA H ALY, alE =4l Ih54E S &%,
EdA 9o &, A= A& ¢
T sttt AdAd EASE EFRAAES

R

1o

94 %
o)
=
K<
=

=
e
k|
2]

i ot 2 X ko

7 ZA 2

-12 -

<

ek D

>
2

A A Al (Oxygen  Release  Com
pounds :ORC)E FistAH Ee &Aoo
A2E WEANA ESAUHTYE EY 55004
Ydojit= ¥ 9l (redox potential) & FAHA] 7] =
ol wWol ARgHTE HE7MA] mlmel A oF
650001 3t ¥ Aol AREESAL, AA
127h =l AAF B3t 3] &Fe] o] &= gt}
2 Aol AREE HAE JHAAE 714
nAES B SASIAAA B7E ol A=
I FhNbgo A AR Uy A|7E EE o,
AT FH HEY SV D 3
HstA 7T} ol gk kA o2 3

AE W

7bFsetthe S 7hA A
HhH| A olar e Po]  AshE
S A= Ai-3dll(biodegradation) =%z}

At Ade] AEA FHES FEA7]7]
A&7 3} 7] % (bioremediation  techniques) 2]
WHolty, EAHENAAL] TR/ e d4 3
7 54 Wstel 584 mAE AAte] a8
Hl 3w, &5 543 34 A& o+ HslE &
HEGgozH Ag7|wo] At HAS dA
W 288 sheEAo dis] AYEfst Sl A
Tt A g &S Folaix} gk

El

o

2

[e3

1. A5 L uy

S-@uhet Fal Ak siehi o] Bt 2 s
gjto = o] o)A 91, ol
A&jsta wgfrEo]l HlaA
g s o|th(Hong et al, 1991). #&fwhe
QFe] E&oll fAstaL o, FA= 7HH =
AR, e vkt () -5
Al Aol A A AZE "Tk(Fig. 1). 7HHE A e
7t R A FEY-= gk, vkt 2 5wk
AMie ez GEnh 9w 2 adAgdnt
oF o]z HFT FeHHdoR o] FoA
olth(Hong et al., 1991). webx 71YFRe}
AdZFr=E)7E daet ddH= #@@4 ol
A ywtozA ol Al W A
Agtadolct. zlsvre] WAL 497 km®o]il,
Aot Fw JFgHe] HuAL 1,008 kmol
23oH(Cho et al., 1998). ST Aol A TS
1093 AF 7122 148T o), e
509 mmo] ! t}(http://www.kma. go.kr).

—=
Sl

offt ot e 4 i

(

e
o
3}
=

€l
=
-
[e)

rot

B = Eote X M 53 122017 43 E



J. KEDS., Vol. 5 No 1., 11~24p 2017.

South Korea '\
A, ) .
—— “** | Masan
{ rnren /' - /(/ Changwon
piad N
)\—/J Fenae tay ?\\\4
) e §: ‘}_:’_ . Jinhae
Jindong Bay Masan Bay\> Haengam Bay
T~V L .. G Al
ST e » U
= o B2 == o -
35°03'N Dangha@gpo Bay e b Gadeok Waterway -
. - o A Fach \, %
Goseong ) Jinhag Bay o¢*) & 7 = "
| Bagrp ) . 57 oRT §
~HeDDB ., - o ;’;> {
0 (D 22—\ 6 A &
Dgngdong Bay 3 . L X
Wgﬂs’nun Bay, N5 Gohyunseong Bay {
LT O
{*‘_f?)y ? ~ ’i ,/\{)}‘
&~ Gyeghnaeryang Geoje J S
34°51'N § Waterway I
128°27°E 128°39°E

Fig. 1. Jinhae Bay, Korea
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(Chang et al, 1993; Jung, 1996). ZA157]+=
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Korea

3. AA]BF A}
AN ZAE
129747 113]e] 2A BTEAE
A&

ESTEHAES 8QHE F4 A% &7 T2
“glojolo] A2 WF BT
FEute] HAEWE S UEHE
vlotstr] 91te] 20161 1€ 59 3} 8ol Benthic
landere]l ¥ o}z Fol(W7A, 8
BBem)E st 11749 HAE
ANF 3 ol g nysle] Al th(Fig. 3)
T AFAE Fdste HAES wd §lo]
AsE IR AFAFHs L, AFedA
912l O0ZETH =3, st NsE
Ye Hitste 3 &5 34

ot B N
o = ofj o2

ETHAE YdEEHe O
HAoz AAFHST AAg HHo=Z oF 5g
Aro] A& A2 100 ml H]o] A Yl 10%
e 49 0AN GAHS AR H7beto
F71 8 e S 8] AASG Y. S/FTE

o]-&3to] Bkt ast dARS A, AAT &
63m A= F2 A2 (wet sieving)dte]l FHA
Alast MEd A2 g8t 284 Aae
110Coll A 24X 7HseF AZAIZ 3 1g HH o2
H TFS ot Agd AlssE XA

AHs = #4171 sedigraph 510002 -2 3} o
YEo] MEES =3l F4 Al 4R

Flal SAbAl 2 2(0.1%) =
A7) 18 HA 02 24319
AN O] 7} ke A F A

NEE
d

-14 -

N

i

Fig. 3. Sampling locations of sediment core samples (1~11)

in Dang dong Bay, Korea

Z-fr7]1 ek A3 =¥ (Total organic
) Aedigtn FEAE AE5A
olFsle] AL RS HAEY FU =T
< 7= (loss on ignition, LOI; %)
sto EAsGlTh wlE] Axste] FFE
= =7kdel 10ge] AEE ¥
, 110TCe]  Hx7]elA

Ase AFsHFS 54

12A7IRE o] &3ty

o
)
o

BN 2ot o
2 i o o 2 of

>,
AL AL ofN e

o1
a1
o
3
=2

izﬁ




J. KEDS., Vol. 5 No 1., 11~24p 2017.

slotel Als e 2272 el A gt
A Alely  QbellA A27bx] wisiar 2
Ags ol&ste] 3 AA A5 F(ash free
weight, AFDW; g)= 54 3F3t}. o] 4ke] 374 of
el FA EA%S 48 FAQ A
g WEEE Aitste HAE Wl f71=
T (%) S AH=E38HT

AF 3]aAd 8hslE-2F =4 (acid volatile sulfide,
AVS)E it AHd st A Fsteas FEAIA
AAHP o2 S5 Al RS 7h A el
Y31 Gastec A TS 7hab A 9 59l
AAs & k- N(sulfuric acid) 2mlE
o]-g3ste] YW 2 F FAZE Fo} FUieh
ko] HAE A8 W St
Gastecd A #+e] WA 9] %] 7}
A S Foldl & WA 3
SAste] A 3 et EES Al

AU A 7] AEZFES
3f-¥ Chlorophyll a (Chl-a)% 2.

o

= o
Sr

ofN
[0}
02 X

ol

I

—

Chlad= =437l skl 2 Ao #F
HAeSs 234 HHIT F ofo]xupid
Hystel APAR ubelY A5 95%
acetone 40mlE H L 24713t WA R ASHA 3 ~
43] Aol dHa7F SESHA FEE
AL ik JAEE J5LE 10y FF
T A4l el F<338kaL RPM 350000 A 1537+ 91 4]

5 S [e)
B Bk 1 F 5O S

1 cmcellol] 3l o] =

334 (Kontron Co., UVI-KON922)E
o]g3lo] 665 nm % 750 nmollA FHEE

=738}3L 2N HCIZ 2] 8k 3 t}A] 665 nm 2 750
nmoll A 33 =5 ZA 3t} Lorenzen (1967)<]
2o uhe} B A= w9 A A9 Chl-a % 2 phaeo-
pigment =& A48 T}

AXMTETH AR s 4 FHANA
¥ 2 &S Van Veen Grab (Y744 01 m)o=
23 HkE s Y AFE HAHES 1 mm
Al(sieve)= A AT 5, Aol F&
TAXEEYE gdo=z 31
FukslIth AR AAEETS
A A v 7 (Carlzeiss  Stemi  SV6)3}
(Nikon Eclipse 50i)=- A}-8-&Fo] # At}
g & oA w4skal AlSst
ZdMAF= Akl

Y

mz

o
ol
o
oft off obl X

o 2
>,
N

ot M
o

e
o

il

o
Sl
ok

¢

;RP
| |
Eh
rE
N
;- —

4. 295 HE AGH AA
B ATAAE HH AT AL A
ARE GO R HasIt B 5 A9

L=

P | o AL
A, ZRd, et

-15 -

o2 AAsr] f1% HAE Ao,
Akl o] dstg Auks o] 83}
# 2 8lsto] A A kST

a5 XS E A E2 O0ZESTS A
AAS7] 8t frlEe] B2 YA
AFEAdFEzR F m

sttt AAT -

2
El
e

e
=

(e}

i
[o of

02 o

s o)

I

ol
-
38
au

Bloox 2 22 N AN e o -
> >

iy O, ol

N
0,
2,
(o]
tl
o)
)
2
ot
ol
o
o o 12 &
— o Lo
o% no
N

=
of\i
-z %

e
-
9
>
rr
i o
-
il
o

r
>
:|N£
AN
ofs

(@)
N
m
ol
i)
ofy
ol
QL
T
4o R
e
r‘%
> o = i
B o

mlm_g:;‘&

I
S

o
5
‘l {
=
rlor
i o,
e
m.ln O_>L —1F
-3 tlo @

[P
td

(]
i)
:i
fr
=)
i~

(e
o
ro,
il
o

i
o
)
0,

o
I
4
¢
||V

>
2
>

daste] dAolA AH HA

714 ¢ AU A H o A SODE =4

BASS AASH] s 54

s B A18x, 2o i Al A24x
[e)

2 A Aoz 4 T AFLAHA=

A 8 AshEd w9l ol #9 A
ddely 2x5s uh FAAdE A4

NG|l W FIHE s

m. A} g aF

1 ZAR] 7] %

Al ANEAde FHRE SAS
serer] e ASFE WdeRs 2, 98,
EEAA(D0), T &, BeHAES I eRE
RTEAE Y&, FH7ISLFH(TOC), K718
(Lo,  FholEE(pH)  AF A
I EFAVS), AMWAZRTF  AEFH(Chl-a,

phaeo-pigments) =4S 5} tH(Table 1).

2015 19 ~ 2016\ 12¥7hA] 113]o] 2 A
ZAeE g nke] A3 -2 Table. 17} 2oH,
15 EX& ®ASHA Fig. 49 2ok AS 52
A o] AE HE YA 2 Q)
FA O o] vl Aol =9kt 8Y I}
9ol o] 23~24T ALER 7 &k,
197 290] 6~7C AL 7H Wkt

o

=
=
2
T

KeX
p
=
=



rot
Hi
rig
oY
M
nx
iy
ot
Ral
)
1
rr
Ho

Table 1. Summary of chemical and physical data on the benthic environments during January 2015 ~ December 2016.

2015 2016
JAN APR JUN JUL AUG SEP NOV JAN FEB JUL* DEC*
Depth (m) 7.07+£3.29 8.53+4.49 9.10+4.25 15.63+1.35 15.60+1.22 15.96+1.34 15.76+1.21 14.73+0.92 13.46+5.00 16.10+3.00 15.60+2.64
Temp.(C) 6.33+0.06 10.58+0.25 16.34+2.56 20.38+1.48 23.94+0.59 23.66+0.04 17.80+0.00 7.30+0.24 5.96+0.04 20.68+1.55 12.89+0.70
DO (mg O,/L) 7.42+0.36 6.89+0.34 3.67+0.32 0.31+0.08 4.96+0.64 5.07+0.23 6.30+0.24 10.19+0.07 9.66+0.12 3.22+1.48 9.09+0.67
pH 7.10+0.18 7.39+0.08 7.41+0.11 7.48+0.04 7.20+0.09 7.09+0.07 7.59+0.01 7.09+0.16 6.87+0.29 6.93+0.22 6.93+0.20
TOC (%) 2.15+0.44 2.06+0.57 2.00+0.26 3.03+0.62 3.34+0.47 4,02+1.42 3.16+0.79 3.42+0.51 3.51+0.54 3.27+0.45 3.34+0.84
LOI (%) 10.71+1.33 11.14+1.89 11.79+1.09 13.93+0.99 15.45+1.18 15.34+2.77 12.76+1.38 13.41+1.28 13.69+1.00 14.02+0.89 12.69+1.83
?rr\lgsslg-dry) 0.38+0.20 0.84+0.57 0.33+0.11 0.78+0.23 0.98+0.42 1.28+1.39 0.68+0.35 1.04+0.47 0.85+0.37 0.77+£0.43 0.86+0.29
E:Ellé./-fms) 3.96+1.91 2.62+1.92 0.69+0.96 3.96+1.91 0.94+0.50 7.46+3.49 0.69+0.67 3.27+4.17 4.56+3.52 3.92+3.04 3.97+1.87
Eiger(r)\;nt(ﬂg/cmﬁ 27.16+9.89 26.63+14.76 21.46+7.19 27.16+9.89 39.86+16.12 21.21+6.25 30.25+6.37 18.02+9.59 25.78+12.06 54.82+10.02 62.84+23.41
M. Grain Size 8.51+1.25 7.75+1.34 7.94+0.94 9.05+0.27 9.29+0.60 9.10+0.28 9.21+0.17 8.68+1.13 9.05+0.22 9.48+0.51 9.72+0.73
?gggents(%) 7.54+10.65 9.12+8.17 5.68+7.44 3.84+3.06 3.13+2.36 2.04+1.44 1.23+0.37 5.14+6.93 3.94+2.10 3.64+3.24 5.21+4.50
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Fig. 4. Bottom temperature, dissolved oxygen, mean grain size, sand percentage, pH, acid volatile sulfide, organic
carbon, loss of ignition, sediment Chl-a sediment and Phaeo-pigment measured in the benthic environment
of Dangdong Bay, Korea, from January 2015 to December 2016.
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Fig. 9. The changes in sediment oxygen demand after the
treatment (9 and 42 days later). The microbial
agents and sands were directly applied on test-bed

site in 2016.
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Fig. 10. The changes in water oxygen demand after the
treatment (9 and 42 days later). The microbial
agents and sands were directly applied on test-bed
site in 2016.
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Abstract

Metal biokinetic model was used to estimate the bioaccumulation of Cd and Zn in bivalves dwelling on the
contaminated sediment of Yongho Bay, Korea. We also assessed the health risk for human population exposed to
Cd by consuming these bivalves. Improved knowledge on the assimilation number, ingestion rate, efflux rate and
growth rate in bivalves would be necessary for the construction of reliable ecosystem based tool for the management
of contaminated sediments.

Keywords: Marine contaminated sediments, Metal bioaccumulation, Biokinetic modeling, Hazard indices
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SUMMARY

Executive summary: The United States Army Corps of Engineers (USACE) is preparing
technical guidelines for evaluating, designing, implementing and
monitoring in  situ sediment remediation technologies.
The gquidelines are being prepared for the United States
Environmental Protection Agency (EPA) Office of Superfund
Remediation and Technology Innovation for use by federal and
state regulatory agencies, stakeholders and remediation
practitioners. The remediation technologies considered include
enhanced monitored natural recovery, isolation capping for
physical and chemical stability, and in situ treatment, including the
use of amendments. Case studies are provided to demonstrate the
application of these technologies.

Action to be taken: Paragraph 14

Related documents: None

Introduction

1 This technical resource document is being developed by the United States Army
Corps of Engineers (USACE) Engineer Research and Development Center (ERDC),
Environmental Laboratory (EL), Vicksburg, Mississippi to provide technical guidance for
evaluating, designing, implementing and monitoring in situ remediation at subaqueous
contaminated sediment sites. In situ remediation technologies discussed herein include
enhanced monitored natural recovery, isolation capping, and in situ treatment. The document
is being prepared for the United States Environmental Protection Agency (EPA) Office of
Superfund Remediation and Technology Innovation, Washington, DC.

https://edocs.imo.org/Final Documents/English/LC-SG 40-INF.17 (E).docx
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2 Contaminated sediment sites are widespread and pervasive in the Nation's waters
and potentially pose adverse risk to human health or the environment (USEPA 2004). While
point and non-point sources of contamination entering our waterways has been controlled
substantially, much work remains in cleaning up historically contaminated sediments and
restoring the affected aquatic environment.

3 Options commonly considered for remediation of contaminated sediments include
monitored natural recovery (MNR), in situ capping, and environmental dredging or excavation
followed by treatment or disposal (ITRC 2014). A number of sediment clean-up projects have
pursued the dredging option where the goal was to remove the contaminants from the
waterway with subsequent destruction of contaminants or disposal in a secure facility. Results
from a number of these environmental dredging projects, however, have not fully met clean-up
goals due to the physical and engineering challenges that affect sediment removal efficiency
(Patmont and Palermo 2007, Bridges et al. 2008, Battelle and Sea Engineering 2010). Thus,
the costs of these projects have often exceeded their estimated budgets for site remediation.
In recent years, non-dredging options (enhanced monitored natural recovery, in situ capping,
and in situ treatment using amendments) have been receiving more attention and
consideration as components of site remediation. For example, in situ treatment techniques to
enhance sequestration of contaminants in the sediment matrix have been demonstrated to
improve the effectiveness of enhanced monitored natural recovery (Magar et al. 2009) as well
as in situ isolation capping.

Purpose and scope

4 This technical guidelines document focuses on all active in situ remediation
approaches for contaminated sediment sites where remediation materials are placed at the
site (clean fill to enhance MNR, amendments to sequester or treat the contamination in the
sediment, materials to stabilize or armour the site, sediment or amendments, and capping
materials to isolate sediment and sequester contaminants within the cap). The guidelines are
intended to support the 2005 USEPA Contaminated Sediment Remediation Guidance for
Hazardous Waste Sites (USEPA 2005). This document updates information in the Guidance
for In-Situ Subaqueous Capping of Contaminated Sediments (Palermo et al. 1998) and
complements the Technical Guidelines for Environmental Dredging of Contaminated
Sediments (Palermo et al. 2008) and Monitored Natural Recovery at Contaminated Sediment
Sites (Magar et al. 2009) documents.

5 This technical guidelines document provides guidance for evaluation, design and
implementation of contaminant exposure reduction technologies as components of
contaminated sediment environmental remediation projects. The focus is primarily on items
that need consideration during design and implementation. This document presumes that the
decision to use in situ remediation has already gone through a feasibility study process.
However, information in this document is also relevant during the remedial investigation and
feasibility study phases, providing data needs, screening considerations and comparisons
among in situ remediation technologies. Readers of this document who are involved in the
early evaluation stages of a site should consult USEPA (2005), USEPA (1998), ITRC (2014)
for a more in-depth discussion of site characterization, risk screening, RAO development,
remedy selection, and other details of the overall site assessment process. From a technical
perspective, this guidance is also applicable to dredged material capping projects in inland
waters.

6 This document is primarily intended for federal and state project managers in the
United States and remediation practitioners considering remedial response actions or
non-time-critical removal actions under the United States Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), more commonly known as

https://edocs.imo.org/Final Documents/English/LC-SG 40-INF.17 (E).docx 5 1 2017 3
- 35 -


최진영
입력 텍스트
미국 육군공병단의 퇴적물 현장정화 기술지침

최진영
입력 텍스트

최진영
입력 텍스트

최진영
입력 텍스트

최진영
입력 텍스트

최진영
입력 텍스트
- 35 -

최진영
입력 텍스트

최진영
입력 텍스트

최진영
입력 텍스트

최진영
입력 텍스트
 제5권 1호 2017년 3월 


LC/SG 40/INF.17
Page 3

"Superfund.” Technical aspects of the guidelines are also intended to assist project managers
addressing sediment contamination under the United States Resource Conservation and
Recovery Act (RCRA). Many aspects of this guidance may also be useful to other
governmental organizations within the United States and potentially responsible parties
(PRPs) that are conducting a sediment clean-up under CERCLA, RCRA, the United States
Clean Water Act (CWA) or the United States Water Resource Development Act (WRDA). This
guidance may also be useful to members of the stakeholder community and their technical
representatives. In addition, the technical guidelines provides useful information for all
practitioners of contaminated sediment remediation worldwide, particularly for screening,
designing, evaluating, implementing and monitoring contaminated sediment remediation
alternatives.

Sediment remediation technologies

7 Subaqueous capping is the controlled, accurate placement of a covering or cap of
suitable isolating materials over in situ contaminated sediments or previously placed unsuitable
dredged materials. In situ capping can remedy some or all of these adverse impacts through
three primary functions (Palermo, et al. 1998):

A physical isolation of the contaminated sediment from the benthic
environment and water column;

2 stabilization of contaminated sediments, preventing resuspension and
transport to other sites; and

3 reduction of the flux of dissolved contaminants into the water column.

8 Capping materials may include clean sediments, sands, gravels, sand/silt/clay
mixtures, or may involve a more complex design with geotextiles, liners, armor stone, reactive
amendments and multiple layers. Conventional placement equipment and techniques are
frequently used for a capping project, but these practices must be controlled more precisely
than for conventional placement. Specialty equipment is often required for placing materials in
complex capping designs.

9 In situ treatment is the in-place chemical, physical, or biological degradation or
sequestration of contaminants in bottom sediments (USEPA 2005). This document focuses
discussion of in situ treatment techniques that reduce contaminant transfer up the food web by
reducing uptake by benthic organisms. Uptake reduction is predominantly achieved through
sequestration which limits contaminant bioavailability through the application of sorbent
materials such as activated carbon. In situ treatment also reduces the direct contaminant flux
to the water column. Application of bentonite, clay polymers, and pozzolanic materials can bind
contaminants and reduce permeability to reduce contaminant flux induced by groundwater
advection. This document also addresses the emerging approach of enhanced in situ
contaminant degradation, chemically or biologically, although effectiveness and
implementation of these technologies has not been demonstrated to date. The efficacy and
applicability of these technologies may be more limited in marine environments due to
chemical interferences, high ionic strengths, and potential for less sediment stability.

10 Enhanced monitored natural recovery is the acceleration of a proven ongoing
recovery process by engineering means, usually the addition of a thin layer of clean sediment
to provide an initial stimulus for the burial process and to reduce bioactive zone contamination
concentrations. The clean sediment may be placed as a uniform thin (a few inches) layer, or
in berms or windrows that can be further distributed by natural sediment transport processes.
As an alternative, flow control structures for the waterway may be designed and placed to
encourage sedimentation in the area of contamination (USEPA 2005).

https://edocs.imo.org/Final Documents/English/LC-SG 40-INF.17 (E).docx 5 1 2017 3
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Project status

11 The guidelines are currently in the final stages of preparation with expected external
peer review in late spring 2017. The schedule calls for completion of the final guidelines during
the summer of 2017 and publication and distribution in the fall of 2017.

12 For further information please contact: Paul R. Schroeder,
Paul.R.Schroeder@usace.army.mil or United States Army Engineer Research and
Development Center, 3909 Halls Ferry Road, Vicksburg, MS 39180.
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Action requested of the Scientific Groups

14 The Scientific Groups are invited to take note of the information provided and
comment, as they deem necessary.
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Foreign environmental dredging news

New Survey System for HPA

April 6, 2017,

By www.dredgingtoday.com

Hamburg Port Authority (HPA) has taken delivery of
the 3rd integrated dual head multibeam survey system
from MacArtney.

Conducting around 900 surveys per year in the port of
Hamburg, HPA requires high-end products for their
multi-sensor systems and survey vessels.

The vessel ‘Deepenschriewer IV’ is the smallest survey
vessel of HPA and intended to carry out multibeam
surveys for depth control and documenting in shallow
water areas.

For this purpose, MBT, MacArtney Germany, has
effected supply, installation, and setting-to-work of a dual
head multibeam echo sounder system suitable for
hydrographic survey applications.

The solution comprises the following products: high-
resolution multibeam echo sounder Teledyne RESON
SeaBat® T20-R, a Valeport SWIFT sound velocity
profiler, and a Valeport UltraSV.

The units are intended for coastal, harbor, and inland
hydrographic survey use. Featuring superior acoustic
quality and high accuracy, this survey system enables
easy and quick downloading and sharing of data relevant
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in relation to hydrographic surveying.

Quality testing to meet the most demanding standards
ensures optimum performance, thus allowing for good
swaths in very shallow water as well as comprehensive
surveys in big areas in a short time, specially in shallow
areas, and thorough testing during dredging operations.

Federal, State and Local Partnership to Restore
Beaches in Maryland

Aprol 06, 2017,

By www.dredgingtoday.com

The Board of Public Works yesterday unanimously
approved $4.6 million in funding for regularly-
scheduled beach and berm nourishment and repairs
in Ocean City.

The Ocean City Beach Replenishment Project will be
managed by the U.S. Army Corps of Engineers in close
cooperation with the Maryland Department of Natural
Resources, Worcester County and Town of Ocean City.
“Replacing and restoring the beaches and berms is
essential to the economic health and future of Ocean
City,” Maryland Natural Resources Secretary Mark
Belton said.

Belton added that the partnership between federal, state
and local agencies demonstrates the importance of this
project to the Eastern Shore, and the millions of tourists
and visitors who flock to the sandy beaches of Ocean City
each and every year.

The repair project will include pumping approximately
371,000 cubic yards of sand onto the beach to replace and
restore sand lost during the January 2016 winter storm
(Jonas) and bringing the berm up to the minimum design
template. Additionally, up to another 512,000 cubic yards
of sand will be placed to replenish the beach and berm to
bring the project up to full design template.

The sand for the project will be pumped from a borrow
area located approximately 3 miles offshore of Ocean
City in federal waters.

Work is expected to start after Labor Day and be
completed in late winter 2017.

Domestic and foreign environmental dredging news
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CEDA Publishes Its Annual Report 2016
March 24, 2017,
By www.dredgingtoday.com

The Central Dredging Association (CEDA) has just
released its CEDA Annual Report 2016, detailing their
work over the previous year and highlighting work
related to the new initiatives.

“2016 was an interesting year, in many ways, and for
CEDA it was an outstandingly positive one with a few
firsts’. We established the Dredging Management
Commission, made a huge contribution to WODCON XXI,
and ran a series of foundation and practitioner-level
webinars, ” said Polite Laboyrie, the CEDA President.
“We were invited to add specialist input to the revised
Spanish Dredged Material Guidelines and raised our
profile further in the lberian region with our first Iberian
Conference in Lisbon. Plus, we ended the year
participating in the kick-off meeting of an EU-funded
pilot project that will see an MGO dredger converted to
LNG/ MGO dual fuel.”

CEDA is part of the World Organisation of Dredging
Associations (WODA) and is responsible for Europe,
Africa and the Middle East. CEDA’s two sister
associations, WEDA (Western Dredging Association) and
EADA (Eastern Dredging Association), serve the
Americas, and Asia, Australia and the Pacific region
respectively.

AR1E ) CEDA


http://www.dredging.org/media/ceda/org/documents/ceda/annual_report2016-web.pdf
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This company provide total solutions
for the contaminated sediment treatment

b @4 O & www.sindaeyang.co.kr
SAZEA AT AHE 16HZ 67(7HS)
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