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Environmental Standards for Beneficial Uses of Dredged Materials
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SYNOPSIS : Environmental standards for beneficial uses of dredged materials are proposed. Even though
chemical analysis of ocean sediments are carried out frequently, their analyses results were not interrelated
with the effects of biological lives due to a shortage of biological data. These facts have resulted in difficulty
to develope Korean's standards of recycling dredged materials. This paper first searched existing current
foreign standards, analyzed local contaminated ocean sediment data, identified their main chemical components
of contaminants, and then compared with clean-up standards of sediments consisting of lower and higher
levels. From these analysis, new environmental standards considering Korean domestic circumstances are
proposed. It is judged that new standards are appropriate to both Korean national sedimental environments and
economically recycling aspects because environmental standard levels proposed are higher than background

levels of sediments in Korean and foreign standards.

Key words : Dredged material, Recycling, Beneficial use, Background level, reuse, dredged soils, Environmental
standards
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# 1. 2984 E ArlE G EFAT, 2005)
LAEAE JsHEdr)E LAEAE Jsha e
Parameter (mg/kg dry weight) Parameter (ug/kg dry weight)
Lower level | Higher level Lower level |Higher level
Ag 1 3.7 Chlordane 0.5 6
As 9 41.6 Dieldrin 0.02 8
Cd 0.68 4.21 DDT 1.6 46
Cr 30 370 tPCB 21.6 189
Cu 24 108 Acenaphthene 16 500
Hg 0.15 1 Acenaphthylene 44 640
Ni 23 52 Dibenzo(a,h)anthracene 63 260
Pb 50 220 Anthracene 85 1,100
7n 200 410 Benzo(a)anthracene 261 1,600
Benzo(a)pyrene 430 1,600
Chrysene 384 2,800
Fluoranthene 600 5,100
Fluorene 19 540
2—-Methylnaphthalene - -
Naphthalene 160 2,100
Phenanthrene 240 1,500
Pyrene - -
LPAH 552 3,160
HPAH 1,700 9,600
tPAH 4,000 45,000
R 2.7 A9 Fa 2954 @ SFFat, 2003; # ik, 2005)
e kil COD| IL |[TOC|Cr |Ni|Cu|Zn|As|Cd|Pb|Hg|Mn|Fe |TBT |[tPCBs|tPAHs
15 O 100|000 -|-|-|-|-1@ @| O
FAb el OOl - ]O]0O|@®@O|O|O|O0O|O0O|0CO| @| @ O
FAbds) O @0 o e e 6 O O e e C| e o o O
F-AHEg O e - |06 OO0 0 O
A A 3 ) ® 0 O OO © © &6 &6 6 06 06 6 o @ -
2l O|-1-10/0/@]O0|O|-10/0]OC|@| O
Z1 3 3 o wk O @ O0|- 10 @@ O0|O0O|0O|0|CO|@| @
=9 O @ 0|00 @O0l O0O|0O|I0|0O| @] @ O -
e O |10l O0 |00 -|O|-|-|- 1@ @| -
xg O10Ol0|-|1-1@-10/0|]O0|-1-1@| @®
g - 1 OO | -1O|O0|-1O|-]1-1-10 o O
vl O @ 0|00 e @O0l @@ @ - O
=X - | OO0 10/ @@ O|O]O]O0O]0O|0 o O
AT - |1 OO | -10/@O|O]O|O|-|@ o O
2>k OO0 |j|0O|C e @Ol @@ OO @| @ - -
53 - | OO 100 @|O]|O]O|O0O]O0O|0|@® O
A - OO0 @O|lO0O|0|0O|0O| @@ - -
A 3} O @00 0 @& e OO0 0|l0 @ e
(O: 3917l =4, @397+ =3
E 3o #U At HARF o9dol A% 278 o Hof 20051 FRAFATAANA 2AF whba
SRYEALFAY, 2005) B8] DFH FAAR 2DED FRot AAREE bl slot
g A EBF 22 AW % 4 4XF hstel A% A3 m(As), FERCD B S



F 3. =u e

Ao 09dEd

= (A, 2005)

A7

20054 20054
ALS A}S
X] O_'ﬂ A éj ]—2‘_;_60;] ] hyA fﬁ%é—gti] V3l
A= == A} 4X]J;(OD : E-: ==X} ; 1 : n:
A A (Depth : =160cm) T3 44 H (Depth : *=160cm)
— — Back- = — Back-

parameter A FAF x= =2
(mg/kg) Avg.tSD M€ Avg +SD gfg;‘enld Avg.xSD M€ Avg +SD gfg;‘enld
As 10.4£3.5 4.6~16.4 : 13.7£1.88 <9 10.96+£3.75 4.4~20.5 | 12.6x2.78 <8
Cd 1.36£0.57 : 0.17~2.66 : 1.07£0.83 <0.2 1.12+1.71 : 0.15~7.12 : 0.41%+0.26 <0.2
Cr 79.4+13.3  47.2~114 | 78.0£19.2 - 65.05+17.52 16.0~99.7 | 69.1+£19.7 <25
Cu 73.5£21.9 28~133 71.1£34.7 - 179+294 9.05~1208 : 35.7£29.9 10
Hg 0.136£0.076: 0.03~1.36 : 0.17+0.25 <0.05 | 0.14+0.08 : 0.01~0.59 0.12+0.16 = <0.03
Pb 73.8£18.1 | 35.3~109 « 67.4+25.0 - 123£131 | 20.1~599 : 53.1+35.5 <20
Mn 716106 460~978 @ 6511£93.1 - 585+66.6 « 305~699 1429.6x77.1. <300
Ni 16.7+£7.92 + 0.1~32.4 | 28.842.14 - 21.5%£595  7.7~126  32.9130.6 8
Ag - - - - - - - -
7n 321+£92.0 @ 131~518 286+132 - 3651374  50.3~1662 : 124+64.5 55
Fe(%) 4.52+0.37 | 2.39~5.21  2.884+0.21 - 3.41+0.60 : 1.24~3.9 | 3.02%+0.67 -
Al(%) 6.36+0.51 4.79~11.0 | 8.35%1.39 - 521+ 2.77~10.1 7.92+1.54 -
Se - - - - - - - -
tPAH(ug/kg) | 1681+£742  764~3345 - 0 1457+613 | 353~2633 - 0
tPCB(ug/kg) | 10.2+£5.02 1 0.23~39.9 | 20.7£13.4 0 2.53+1.37 | ND~14.3 : 3.99£5.29 0
TBT(mg/kg) |0.097+0.067. ND~0.19 10.196£0.091 0 0.257£0.60 :0.028~1.76 1 0.45+0.39 0
tPCDDs/DFs i} i} B i} B B }
(pg/g)
COD(mg/g) 19.6+£3.94  11.3+£74.9 | 40.2%+16.4 - 18.4%£5.14 7.1~37.5 : 25.5%7.24 -
TOC(%) 2.32£0.41  1.00~4.11 | 1.85%0.66 - 1.2210.46  0.19~7.48 2.39+1.92 -
TN(%) 0.20£0.03 : 0.07~0.28 : 0.12%0.1 - 0.16£0.05  0.04~0.58 | 0.24£0.13 -
Volatile
Sulfides 1.82+1.20 : 0.01~4.98 | 1.82%+1.86 - 0.22%£0.25 :10.002~1.11} 0.12+0.21 -
(mg/g)
A7 (%) | 19.6+£3.94  4.72~14.3  8.59+1.12 - 7.55+1.88 ¢« 2.8~10.5 | 8.61£1.56
(Hg)> =AMAHe] e dwmde] w7t 7h7he] dAFE% 9mg/kg, 0.2mg/kg, 0.05mg/kgs 38k o
v A A9 2T 2070AA E T A7) A -l diste] AR A¥ i) Fagel gk HA
FEgFo] EAegl oy AL ofgt QP EHS] FERT e F1o0Z YERT

A AFEATl eyt ZF dgEE oty HAdFEZ(background level) Q] Ho]E 7} Al
stxlo] o, 19 49} o] motd Ul EHAE AAFEH(Hg, Cd, As, Pb, Cu, Ni, Cr, Zn)< ¢
=0 o vE] w@Adrt. gl HAEY F8 29U Mn# Fevs HAFEFo| Ipof=A] &gront
o (GRS AFEYS 93 AEAY, 2006)0] w2 FE o] 5 Ay dilo] o
o5 7 7S 28te] LAV e e® YER] die] dAdF-EFo]l =8 Flolg ddEh
2.3 I77|&ES BF

THE e e 4 F7PERE V)l 2shE o] FRe) FollA Afolrt Bo] Wom(FaE o
9] &), 22 FERJAUE 5 27t Adl Z2F FEER v VES dEEte] 4719 1Fo = i3St
I, ¥ 40 YERATE 1 250l v AFZAF(WPDES, 2006), ##+=(Helsinki commission, 2004;

ICES, 2003), 9=(CEFAS, 2000; CEFAS, 2001), "} (Helsinki commission 2005), 2 “L&ol 7]l
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@ =(Margot Cronin et al., 2006), WA =(CES 2003) 315 &= YU(Helsinki commission, 2004),
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%5 %W PR %W guEan
Chemical e l[ag e[ aw 3w 4] ax 1 | 2F 2 | 2% 3 | A4
TAEA RIS 5 THEA &89 7|5
Metals (mg/kg)
Antimony - - 2 150 - - 25 200
Arsenic 13.1 21 36 68 49 65 128 837
Cadmium 0.45 1.17 1.55 2.3 2.97 3.6 8.55 11.8
Chromium 41 80 134 300 200 195 652 5,000
Copper 28 40 64 242 125 102 278 1,396
Lead 35 62 84 232 190 198 404 1,342
Mercury 0.16 0.32 0.45 0.50 1.13 0.94 2.47 3.39
Nickel 24 46 47 135 65 123 173 745
Selenium - - - - - - - -
Silver - - 1 6.1 - - 4 8.4
Zinc 115 247 327 536 463 615 1,291 6,164
Manganese 460 - - - 1,100 - - -
Iron(%) 2 - - - 4 - - -
Organometallic compounds (ug/kg)
Tributyltin 4.6 17 10 0 .15 200 59 205
(interstitial water ug/L) | wg/kg | pg/kg | pg/kg | (ug/L) | ne/kg rg/kg rg/kg
Dibutyltin - - - - - - - -
TBT + DBT + MBT 100 - - - 1,000 - - -
Organics (ug/kg)
Total LPAH - - 552 5,200 - - 3,160 |29,000
Naphthalene 10 18.7 160 2,100 100 85 2,100 2,400
Acenaphthylene - - 44 560 - - 640 1,300
Acenaphthene - - 16 500 - - 500 2,000
Fluorene - - 19 540 - - 540 3,600
Phenanthrene 50 100 240 1,500 500 1,000 1,500 |21,000
Anthracene 10 100 85 960 100 800 1,000 13,000
2—-Methylnaphthalene - - 70 570 - - 670 1,900
Total HPAH - - 1,700 | 12,000 - - 9,600 |69,000
Fluoranthene 300 100 600 1,700 3,000 2,500 5,100 |30,000
Pyrene - - 665 2,600 - - 2,600 16,000
Benz(a)anthracene 30 100 261 1,300 400 1,000 1,600 5,100
Chrysene 1,100 100 384 1,400 | 11,000 1,000 2,800 [21,000
Benzofluoranthenes(b+ k) - - 3,200 - - - 9,900
Benzo(a)pyrene 300 50 430 1,600 3,000 900 1,600 3,600
Indeno(1,2,3-c,d)pyrene | 600 50 - 600 6,000 800 - 4,400
Dibenz(a,h)anthracene - - 63 230 - - 260 1,900
Benzo(g,h,i)perylene 800 50 - 670 8,000 1,616 - 3,200
Total PAH 3,000 - 4,000 - 30,000 - 45,000 -
Oil 170,998 50,000 | 300,000 - 1,500,00011,500,000|1,000,000 -
Pesticides (ug/kg)
PP'-DDT - - 1.0 - - - 3.0 -
PP'-DDE - - 1.5 - - - 9.0 -
PP'-DDD - - 2.4 - - - 14.1 -
Total DDT
(sum of 4,4'-DDD, 3.5 10 1.6 6.9 43 30 46.0 69
4,4'-DDE and 4,4'-DDT)
Aldrin 2.0 10 - 10 80 30 - -
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£ 5 EW BR F5W g%
Chemical e llas e 353 [agd|aw 1|35 2[5 3[2F 4
FHEA F87t571% ZAEA F85 A2
Pesticides (ug/kg)

Chlordane - - 0.50 10 - - 6.0 -
Dieldrin 3.1 10 0.02 10 62 30 8.0 -
Heptachlor - - - 10 - - - -
Gamma-BHC (Lindane) - 10 0.32 10 - 20 1.0 -
Endrin 3.0 10 - - 1,300 30 - -
Toxaphene 1.0 - - - 2 - - -

PCB 28 1.0 2.0 2.0 25 30 30 6.0 50

PCB 52 1.0 2.0 1.0 25 30 30 3.0 50

PCB 101 4.0 4.0 2.0 50 30 30 6.0 100
PCB 118 4.0 4.0 3.0 25 30 30 10.0 50
PCB 138 4.0 4.0 4.0 50 30 30 12.0 100
PCB 153 4.0 4.0 5.0 50 30 30 15.0 100
PCB 180 4.0 4.0 2.0 - 30 30 6.0 50
Total PCBs 28.8 14 24.0 57 300 32 77.5 964
R Uy A IR N - ol IR LU - |-
Chlorinated Hydrocarbons (ug/kg)
1,3-Dichlorobenzene - - - 170 - - - -
1,4-Dichlorobenzene - - - 110 - - - 120
1,2-Dichlorobenzene - - - 35 - - - 110
1,2,4-"Trichlorobenzene - - 31 - - - 64
Hexachlorobenzene(HCB) - - 2 22 - - 6 230
Pentachlorobenzene - - 1 - - - 1 -
Phthalates (ug/kg)
Dimethylphthalate - - - 71 - - - 1,400
Diethyl phthalate - - - 200 - - - 1,200
Di—n-butyl phthalat - - - 1,400 - - - 5,100
Butyl benzyl phthalate - - - 63 - - - 970
Bis(2-ethylhexyl)phthalate - - 1,300 - - - 8,300
Di—n-octyl phthalate - - - 6,200 - - - 6,200
Phenols (ug/kg)

Phenol - - - 420 - - - 1,200
2-Methylphenol - - - 63 - - - 77
4-Methylphenol - - - 670 - - - 3,600

2,4-Dimethylphenol - - - 29 - - - 210
Pentachlorophenol - - - 400 - - - 690
Miscellaneous Extractables (ug/kg)
Benzyl alcohol - - - 57 - - - 870
Benzoic acid - - - 650 - - - 760
Dibenzofuran - - - 540 - - - 1,700
Hexachloroethane - - - 1,400 - - - 14,000
Hezachlorobutadiene - - - 29 - - - 270
N-Nitrosodiphenylamine - - - 28 - - - 130

So2 A&E3Isle] AAE 712 YHICES, 2003; OSPAR, 2005; Helsinki commission, 2005).
71942 A= F2 total PCBSF DDT, Aldrin, Dieldrin, Lindane, Endrin®] 23%tE o AdF 7|F&

total PCBE AliEs}ste] AlAsgivt Ax=9] gA 54 7]Fed= COD, TOC 59 #7118 IS e

= gg&o] 23] oy FAHAEAN AEd8r|sde fr7lE §9E Uehlle 50 e Aol
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7o) vl (99): mg/kg, dry weight base)
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3.3 EMEA 2| &BIIE

GEEolA AFE TEE F5 2 I, PAH 5 3 I5, f719a7 @5 1 25, TBT 3 215< v
gow 3% 89 FTAEA AEEEU|ES At s S 27005S A9sigloy, Cdo AF5
AANE 47178 LYEAE Asr|ES vudS u 2 FA7F 9@oky] wied 87l s7E 30F
S FE9HVES 4aF o2 HEHAY. Cry Ferts7)E 2 F8987|e9 Cuo FE9H7E=S
LAEAE AriE vuds w 2 FXIF FAAY oA W@ky] Wi 3 279 7ol 48
Atk 18a Cufl 8757 4 IRk Cud FA|7F ol 6002 43Hdrt. Pb¥ Hgel &
L8712 LAEAE Asrle nuds W 2 FXI7F S]] wiied 32F9] 7ol HEHA
vt} Zn¥ Ni& 22 27189 7150 A&

X 8 TAHEA HEE8UE

) TAEAA 28T

Chemical Foterle | FEelE

Metals (mg/kg)

H] 2~(As) 21 65

7F=E(Cd) 1.55 11.8

AF(Cr) 134 652

T2](Cu) 60 278

w(Pb) 62 404

I~&(Hg) 0.32 2.47

YA(Ni) 46 123

o}1(Zn) 247 615

PAHs (ug/kg)

ek el sl A (tPAH) 4,000 45,000

Organochlorine (ug/kg)

7194 8H={DDT) 3.5 69

Z =29 = d(tPCB) 28.8 300

TBT (ug/kg)

E g 572 (TBT) 10 205

PAH (ug/kg)

v el (Naphthalene) 160 2,100

¥t E @l (Phenanthrene) 240 1,500

Z 2 &€l (Fluoranthene) 600 5,100

3] A(Pyrene) 665 2,600

WA E ) Al (Benz(a)anthracene) 261 1,600

Az}l Al(Chrysene) 384 2,800

Wl 23] W (Benzo(a)pyrene) 430 1,600

Pesticides (ug/kg)

== 2d]¢l(Chlordane) 0.50 6.0

t] =2 (Dieldrin) 0.02 8.0

Zg]d3h)d 28(PCB 28) 2.0 6.0

Zg]ash)d 52(PCB 52) 1.0 3.0

Zg3e)d 101(PCB 101) 2.0 6.0

Zg]odshH)d 118(PCB 118) 3.0 10.0

Zg]d3hu)d 138(PCB 138) 4.0 12.0

Z g 3pnd 153(PCB 153) 5.0 15.0

Zg]d3h)d 180(PCB 180) 2.0 6.0

71E} (mg/kg)

%4 2 (Total nitrogen) 1500 -

Z°1(Total phosphorus) 500 -
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(@ FAHE, 2005)0] st 4150
4 1E% FAEAR - BEFe] FUs

N
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2(T-N)&F F UT-P)2] 4% < =
HAEA7E(SQG) T A 9] %{P%)c(USEPA, 1996) A
7 A8 AAFEFS 2348 0 099 Foew B F qlonm
T2 Ul HAE JAFEF B S 7] ddel] A9siA A
A

i

4 1§ J1Fo] AEHAY F 4
S0l FAEABA 7] FBo| gl BAR F BPREH

gtk HABAA oqBA B
2 B d7e 2UEA 875
g

o

T El‘i’iﬁ}ﬂ = )
AEALY] A D Fgol 9ol e Fye FHsta Fr|te] Ax EUEHS AAEa = v
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4, 4=

o= o] FHEAVEE HA=Y 38h B4 9@ A= o] VxE T doy e A5
H A& 58h4] A2 o] FojH oy A=ddd AAE Ame] FFoR AAH 7118_ et A
S FAA R BIlselth & oA e sl Al A dntA o] A FHEAN A-28S 9
g BA7IES st A oR A e FAEAN &87ES Rl AR 1
gl g HH=9 eddSgd g HY= FeodEd, HHAE AIIE 9vIEH S
s THAHLCE sty FAEA €87tV R E8H7IEs At

THAEA A8 Fd AR 23 L ] AQEHAESY] T8 2LA9EAY XA &
AEAL HP-Z87)F T 2gE e S aelste] As, Cd, Cr, Cu, Pb, Hg, Ni, Zn¢ 8
7N FEo] FF<Ea tPAH, tPCB, DDT, TBT 18]a f71% &=k &< T-N, T-Po & Adsgith
Tuse TEEdd As, Cd % Cro] &87bs71+2 247 21mg/kg, 1.556mg/kg 2 134mg/kg 1%
I vk Ede] 49 Cu 60mg/kg, Pb 62mg/kg, Hg 0.32mg/kg, Ni 46mg/kg, Zn 247mg/kg o=
MSogHH(USACE)S] a7l rm bW 49 7S A, & =2oA Agtd g7+
o FWHAEY HAPEZF woh go] 2y] wFel Tl Pl el M Aow Wk
B B AW AF USRS AL Qi AAFY J1F] vl ug dAste] GF AF
of Agd FHEAE AAHo AAdE Ao R8T A B VAL AP W9 4 A
o2 ok
HaEs
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