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] Dioxins/Furans (17 types of 2,3,7,8-congeners)

QO Analytical method (Korean Official Analytical Standards for Persistent
Organic Pollutants (ES 10368.1))

I Sample preparation |

» Sample 10 L

» Surrogate STD (°Clabeled 15 standards) 1 ng (*C-OCDD 2 ng)

Extraction

{separatory funnel)

= DCM 100 ml, (X3)

= anhydrous sodium sulfate 30 g

= concentration (1 mL, rotary evaporator)

* concentration (100 pl, Na)

* n-Hexane 2 mL

Multilayered Silicagel column

(15mm LD, x 30cm glass colummn)

*from top 6g NaSOs; 3g 10%-AgNO; Impregnated silicagel
09¢g Silicagel, 6g 22%-H.SO; Impregnated silicagel, 4.5¢
44%-H50, Impregnated silicagel, 0.9g Silicagel, 3g 2%-KOH
Impregnated silicagel, 0.9g Silicagel

» n-Hexane 150 mL

= concentration (5 mL, rotary evaporator)

= concentration (1 mL, Ny)

Alumina column

{15mm 1.D. x 30cm glass column)

* from top anhydrous sodium sulfate 2g, activated alumina 6g

= 2% dichloromethane in hexane 100 mL

= 50% dichloromethane in hexane 150 mL

» concentration (1 mL, rotary evaporator)

= concentration (100 yL, Ny)

= solvent transfer{toluene)

« Internal STD (¥C1,2,34TCDD, 1,23,789-HxDD) 1 ng

* final volumn 10~50 ulL

| HRGCHRMS {

Q GC/MS condition

Instrument

HP 6890

injection mode

Splitless, 144, 260C (purge time 6min)

Separation column

5P2331 (60m>0.32mm>250um film thickness)

HRGC : : o B . P
o 120C (3mnin)—20C/min-220C (5min)—3C/min
ven temperature D607 (27min)
Carrier gas flow | Helium (99.9999%), 1.0mé/min
Instrument Autaspec Ultima Promier
fon mode SIM (M/M+2, M+2/M+4)
HRMS Resolution above 10,000 (10% Valley)

Ionization mode

Electron Ionization Positive Mode (EI')

Ionization energy

36 eV

Ion source temp.

260°C
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O Calibrations

Calibration Standards (Unit : pg/ul) Recovery
PCDDs/PCDFs CS1 | CS2 | CS3 | ¢4 Css (%
2,3,7,8-TeCDD 0.5 2.0 10 40 200
2,3,7,8,-TeCDF 0.5 2.0 10 40 200
1,2,3,7,8-PeCDD 25 10 50 200 1000
1,2,3,7,8-PeCDF 25 10 50 200 1000
2,3,4,7,8-PeCDF 25 10 50 200 1000
1,2,3,4,7,8-HxCDD 25 10 50 200 1000
1,2,3,6,7,8-HxCDD 2.5 10 50 200 1000
1,2,3,7,8,9-HxCDD 25 10 50 200 1000
1,2,3,4,7 8-HxCDF 25 10 50 200 1000
1,2,3,6,7,8-HxCDF 2.5 10 50 200 1000
1,2,3,7,8,9-HxCDH 25 10 50 200 1000
2,3,4,6,7,8-HxCDF 25 10 50 200 1000
1,2,3,4,6,7,8-HpCDD 25 10 50 200 1000
1,2,3,4,6,7,8-HpCDF 2.5 10 50 200 1000
1,2,3,4,7,89-HpCDF 2.5 10 50 200 1000
1,2,3,4,6,7,8,9-0CDD 5.0 20 100 400 2000
1,2,3,4,6,7,8,9-OCDF 5.0 20 100 400 2000
B15-1,2,3,4-TeCDD 100 100 100 100 100 -
13015-2,3,7,8-TeCDD 100 100 100 100 100 74.7~99.0
¥(1-2,3,7,8-TeCDD 0.5 2.0 10 40 200 -
BC12-2,3,7,8,-TeCDF 100 100 100 100 100] 79.9~113.8
B1-1,2,3,7,8-PeCDD 100 100 100 100 100 97.0~116.8
BC12-1,2,3,7,8-PeCD 100 100 100 100 100
1301,-2,3,4,7,8-PeCDF 100 100 100 100 100 84.5~106.6
BC-1,2,3,4,7,8-HxCDD 100 100 100 100 100| 80.4~100.3
BC12-1,2,3,6,7,8-HxCDD 100 100 100 100 100  69.7~92.5
BC12-1,2,3,7,8,9-HxCDD 100 100 100 100 100 -
B3C12-1,2,3,4,7,8-HxCDF 100 100 100 100 100 71.0~95.8
8C12-1,2,3,6,7.8-HxCDF 100 100 100 100 100| 703~10L7
BCa-1,2,3,7,8,9-HxCD¥ 100 100 100 100 100| 62.2~102.2
B312-2,3,4,6,7 8-HxCDF 100 100 100 100 100/ 63.3~106.0
3C12-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100| 794~104.2
3Cy2-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100| 67.7~93.0
BC-1,2,3,4,7,8,9-HpCDE 100 100 100 100 100 56.4~80.1
BC1-1,2,3,4,6,7,8,9-0CDD 200 200 200 200 2000 66.2~109.7

Te(DD = TetrachloroDibenzo-p-dioxin / TelDF = Tetrachlorodibenzofiran
Pe(DD = PentachloroDibenzo-p-dioxin / Pe(DF = Pentachlorodibenzofuran

D = HexachloroDibenzo-p-dioxn / HxCDF = Hexachloredibernzofuran
HeCDD = HeptachloroDiberzo-p-dioxin / HpCDF = Heptachlorodibenzofuran

XD = OetachloroDibenzo-p-dioxin / OCDF = Qctachlorodibenzofuran
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O Calibration curves

Compotnd hame: 2378-TCDF

Response Factor: 0.850382

RRF SD: 0,106181, % Relative SO 12.4861

Respense type: Internal Std ( Ref 18 ), Area ™ (IS Cone. / 15 Area )

Curve type: RF
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Campound name: 12378-PeCDF

Response Factor: 0.877082

RRF 50 0.0510214, % Relatlve S0 5.8147143

Response type; Internal S5td ( Ref 18 ), Area * {15 Cone. F |S Area )
Curve type; RF
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Compound name: 23478-PeCDF

Response Factor: 0.825018

RRF S0: 0.0886775, % Relative 8D 10.7485

Response type: Internal Std ( Ref 20 ), Area ™ { IS Cone, [ IS Area )
Curve type: RF
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Compound name: 123478-HxCDF

Response Faclor: 0.934887

RRF SO 0.10656, % Relative SD: 11.3882

Response type: Internal Std ( Ref 21 ), Area * (1S Cone. /IS Area )
Curve type: RF

10
0
600
a0
200+

Response

.,.;l..;.,..;.,....,....,:...[,.,.{..i.{....,n.qng
G 26 460 GO0 800 1000

Compound name: 123678-HxCDF

Response Factor: 0.904464

RRF SD: 0.0979612, % Relative SD: 10.8308

Response type: Internal Std ( Ref 22 ), Area * { 1S Cone. /1S Area )
Curve type: RF

Response

e e e i
¢ 203 400 GO 800 1000

Compound name; 123789-HxCDF

Response Factor: 0.788906
RRF ST 6.0830294, % Relative SD: 11.6446

Response type: Internal Std ( Ref 23 ), Area * (1S Cone. / 1S Area )
Curve type: RF
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Compound name: 234678-HxCDF

Response Factor: 0.802580

RRF SD: 0.0935845, % Relative SO 11,6603

Response type: Internal Std ( Ref 24 ), Area ™ (1S Cone. /IS Area )
Curve type: RF
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Compound name: 1234878-HpCDF

Response Factor: 0.949917

RRF SD: 0.1169, % Relative SD: 12.3063

Response type: Internal Std ( Ref 25 ), Area * (1S Cone. / 1S Area )
Curve type: RF
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Compound name: 1234789-HpCDF

Response Factor: 0.809045

RRF SD: 0.112372, % Relative SD: 13.8894

Response type: Internal Std ( Ref 26 ), Area ™ (IS Cone. [ 1S Area )

Curve type: RF
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Compound name; 123478-HxCDD

Response Factor: 0.945809

RRF SD: 0.130455, % Relative SD: 13,7349

Response typa: Internal Std (Ref 20 }, Area ™ (1S Cong. /1S Area )

Curve type: RF
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Compound name; 123678-HxCDD

Response Factor; 0.878481

RRF SO: 0.110277, % Refative SD: 12.5531

Response type: internal Std ( Ref 30 }, Area ~ (1S Cone. /1S Area )

Curve type: RF
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Compound name: 123789-HxCDD

Response Factor, (1.865829

RRF 8D: 0.120217, % Relative SD: 13,8846

Response type: Internal Std ( Ref 30 ), Area ™ (1S Conc. / IS Area )

Curve type: RF
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Compound name: 1234678-HpCOD

Response Factor: 0.678146

RRF SD: 0.141371, % Relative SD: 14.4529

Response type: tnternai Std { Ref 31), Area * (1S Conc. / IS Area )
Curve type: RF

Resgponse

L A L RN BN RN

RN RSN SARAE ALY SRR RARAY v g
g 20 400 800 800 1000

Compound name; OCDD

Response Factor: 1.0059

RRF SD: 0.0872685, % Relative SD: 8.67568

Response type: Internat Std ( Ref 32 ). Area * (IS Cone. { IS Area )
Curve type: RF
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O Chromatogram

- 2,3,7,8-TCDD standard (CS1)

Cuantify Sample Report Masslynx 4.1
Diatasel CitAasshynDIOXING T PROWResuliSTO 10813 1-5.gid

tast Altered:  Monday, June 13, 2011 15:30:528 Korea Slandard Time
Printe; Thursday, July 7, 2011 16:39:12 Korea Standard Time
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- OCDD standard (CS1)

Quantify Sample Report Basskynx 4.1
Dimasa CHdassLyniCIOXING | PROVResuit ETDNE 10513 _1-5.qi

Last Altered.  Monday, Juae 13, 2011 15:3%:58 Kored Standars Time
Frntag: Thursday, July 87, 2011 1£:38:13 Kerea Sfandard Time

MName: 116613-1, Data: 13-Jun-2011, Time: 09:45:52, D; , Description: C§1
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Sample chromatogam of OCDD (B03-463MW)

Quantify Sample Report

Masslhynx 4.1

C\idasslynx\DIOXINT 1. PROResullisampleichilgok\110624_7-14_result gid

Dataset:
Last Altered:  Friday, July 01, 2011 13:35:57 Kores Standard Time
Printed: Fricay, July 08, 2011 08:42:29 Korea Standard Time

Name: 116624-2. Date: 24~Jun-201%, Time: 18:1%:44, I | Description: B03-463MW
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Sample chromatogam of OCDD (B07-178MW)

Quantify Sample Report Massbynx 4.

Dataset: CriMassLymaDIOXIN11.PROResullisamplelchilgoki110824_7-14_resuit.gid
Last Altered:  Friclay, July 01, 2011 13:35:57 Korea Standard Time
Printed: Friday, July 08. 2611 09:46:16 Korea Standard Time

Name: 110624-3, Date: 24-Jun-2611, Time: 19:17:34, ID:, Description: BO7-178MW
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Sample chromatogam of OCDD (B07-220MW)

Quantify Sample Repont MassLynx 4.1
Dataset: CatassbynxiDICXINT1.PROResulicampleichilgoki 110629._9-18_resuit.ald

Last Altered:  Friday, July 08, 2011 10:02:41 Korea Standard Time
Printed: Friday, July 08, 2011 10:03:28 Korea Standard Time

Name: 140629-15, Date: 30-Jun-2041, Time: 16:39:18, ID: , Description: BO7-220MwW
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1 OCPs

Q Analytical method (Korean Official Testing Method for Persistent
Organic Pollutants Official Test Method (ES 10903.1a))

Sample 1 L
-NaCl 30 g
-Spiking surrogate 2-4 ng

Sample
preparation

Separatory funnel -Shaking with DCM 100 mL (10 min)
extraction fwo more times with with DCM 50 mi. (10 min)

~Extracts drying with anhydrous sodium sulfate
-Concentration to 100uL
-Final volume : 1 mL with hexane
[Florisil SPE cartridge Cleanup] - 5 g
-Hexane 10 mL (5PE cartridge wasing)
-Fxtract T ml. onto the SPE cartridge
-Elute with Hexane 100 mL (fraction I)
-Elute with Hexane (DCM 25%) 100 mlL
— concentration to 1 mL (fraction IT)
[Activated carbon cartridge Cleanup]
-02%5 g
-Loading the fraction II onto the cartridge
-Elute with Hexane 15mL (fraction II")
~Concentrating the eluted extracts (fraction 1 + 1T, 115 mL) to 100 uL
Spiking 151D 24 ng

HRGC/HRMS

Extract cleanup

O GC/MS condition

Instrument HP 6890N
Injfection mode Splitless, 14, 200C (purge time 6min)
HRGC Separation column ZB-Multiresidue-2 (30mx=0.25mm=0.20pm {ilm thickness)
Oven temperature 100C (Smin)~>5T/min-200TC (Smin)—2T/min-22
P 0C 20min}—50T /min—300C
Carrier gas flow Helium (99.9999%), 1.0m¢/min

Instrument Micromass Autospec Ultima NT
Ton mode SIM (M/M+2, M+2/M-+4)

HRMS Resolution above 10,000 (10% Valley) ;
Ionization mode Electron lonization Positive Mode (EI')
lonization energy 36 eV
Ion source temp. 260
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Q Calibrations : 2, 10, 40, 200, 800 ng/mL
(Surrogates and Internal Standards : 20 ng/ml)

Compound Response Factor % RSD
a-HCH 1.249 3.389
B-HCH 1.149 3.008

v-HCH(Lindane) 1.236 4 428
§-HCH 1.242 3.841

HCB 0.998 1.404
Heptachlor 1.102 7.398
c-Heptachlor Epoxide 0.920 9.494
t-Heptachlor Epoxide 0.208 5.619
Aldrin 1.001 5483
Dieldrin 0.898 2.008
Endrin 0.950 4.307
Oxychlordane 0.964 9.193

t-Chlordane 0.955 10.561

¢-Chlordane 0.989 7.301

t~Nonachlor 0.793 4.395

c-Nonachlor 0.973 4.294
2,4-DDE 1.022 2.664
4,4-DDE 1.038 1.279 .

24-DDD 0.947 4174
4,4-DDD 1.037 3.747
24-DDT 1.011 4,559
44-DDT 1.064 3.251
Mirex 1.001 3.408
Pentachlorobenzene {1.998 1.425
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O Calibration curves

Compound name: aiph-HCH

Resperse Fadtor 124032

RRF SD: 00423400, % Relative SD: 3.38012

Response type: Internal Std( Ref 45 ), Area™ (18 Cone./ 1S Area )
Curve fype: RF
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Compound pame: gamma-HCH

Response Factor: 1.23623

RRF SD: C.O5H7425, % Relative SD: 442519

Response type: intemnal Std( Ref 45 ), Area™{1S Conc. /15 Area )
Curve typa; RF
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Lompound name: HER
Response Faclor 086758
RRF SD: 0.0140078, % Relatiee SD: 1.40418
Respanse type: Internal Std( Ref 27 ), Avea™ (IS Cone./ 15 Area )
Curve type: RF
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Compeund name: ¢is-Haptachlor epoxide

Response Facter: 0.010050

RRF SD: G.08736¥7, % Relative SO: 0.40551

Response type: Internal Std( Ref 43 ), Area” (IS Cone./ 15 Area )
Cusve type: RF
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Compound name: Aldiin
Resporse Facter: 160102
RRF SD: D.O5S43828, % Refdlive S0: 548260
Nerpanse type: Infermasl Std( el 20 ), Area™ {18 Cone. /18 Arua )
Curve typa: RF
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Compound name: beta HCH

Responze Factor: 114028

RRF 2D: 00345727, % R etative §D: 3.00318

Resporse type; internal Std( Ref 47 }, Atea™ (IS Conc. /IS Area )
Curve #ype: RF
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Compaound name: defta HCH
Resporse Factor: 1.24487
RRF SD: 0.04700863, % Relatve SO: 384097
Respanse type: Intensl Std¢ Ref 43 ), Alea” (1S Cone. /1S Area )
Curve type: RF
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Compound name; H aptachlar

Resporce Factor: 1.1017

RRF SD: 00816062, % Relative SD: 7.30343

Response type: Internat Std( Ref a2 ), Area™ (15 Conc. /1S Area )
Curve typa: RF
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Compeund name: +-Haptachlos epoxide

Response Factor: G.207811

RRF SD: 00116827, % Relative SD: 561009

Response type: Internal Std( Ref 43 ), Area* (16 Conc./ 1S Ares )

Cuive type: BF
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Compaund name: Dieldiin

Resparce Factor: 0.897561

ERF SD; 00180256, % Reldlive SO: 200829

Response type: Internal $td ([ Ref 33 ), Area™ (15 Cone. /1€ Area }
Curve type: RF
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Compound rame: Endiin

Resporge Factor 0.8801032

RRF SD: 0.0402211, % Relative SD: 430702

Resporse type: infemal S1d{ Ref 31 ), Area™ (IS Cone. # 1S Area)
Cuive type; RF
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Eempeund name:{rans- Chierdane

Responze Factor: D.O5E043

RRF SD: 0100363, % Relative SO: 10.5811

Hespense fype: intemal St6( Ref33 ), Area” (15 Conc. /{5 Area )
Curve type: RF
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Compound name: & nonachlor

Resporse Factor 0.703355

RRF S0 UU2ashs, % Relatve S daddsy

Response type: Internal Std( Ref 38 ), Area™ (1S Conc./ 15 Area )
Cusve type: RF
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Compound name:24-DDE

Response Factar: 102486

RRF SD: 0.027225, % Relatve SD: 266410

Resporse type: Internal Std{ Ref30 ), Area™ (15 Cong. f 1S Area )
Curve type: RF

EX /

-

/
Rezposre -~

"l Lkl Ll T ¥ CO““
0 W A0 D W SO0 G0 7@ Sm

Loempound aame: 24-DD D

Response Factor: 05426

RRF SD:0.038G352. % R elatve SD: 417362

Response type; Intarnal Std( Ref 37 ), Arga” (1S Cone. /IS Area )
Curve type: RF
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Compound name: owhlordane

Resporse Factor: 0564400

RRF SD:(.0865552, % R eiative SD: 919294

Respomse type: Internal Std( Ref 41 }, Awea”™ (1S Cone./ 5 Area )
Curve type: RF
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Eempound name: cis-C hlerdane

Resporse Factes 0989335

RRF SD: 00722347, % Relative SD: 730139

Response type: Internal Std( Raf 32 ), Area™ (15 Conx. 1S Atea)

Curve type: BF

7914 -
x
Rezporse—]
e Lo reen, CORO
a i@ 0 X l{ﬂ SBI:I SIJIJ TI:IJ BE[I

Compound name: sis-nonachlor

Resperse Faclor 0.97287

RRF &D: 047784, % Relative 5D: 420435

Responze type: Internal Std( Ref & ), Area® (IS Conc./iSArea
Curve type: R¥
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Campound name: 4,4-DDE

Response Factor: 1.03776

RRF SD: 00132753, % Relative £D: 1.27023

Response fype: Internal Std ( Ref 33 ), Area™{ IS Cone./ IS Area)
Curve type: RF
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Compound name: 44000

Response Factor 1.0374¢

RRF SD: 0.038371, % Relative S0: 379604

Response type: Internal Std( Ref34 ), Area®™ (1S Conc. /iS5 Area }
Curve type: RF
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Compouad name: 2,4D0D T

Respamge Factor 1.01144

RRF 5D 0.0960047. % Refative SD: 458383

Respence type: Internal $1d( Ref 35 ), Area™ (I3 Cono./ 1S Area )
Curve type: RE
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Compound name: direx

Resporse Facten 100126

RRF 8D: 002344203, % Relative SD: 240775

Resporce type: Intesnal Std( Ref 44 ), Area™ (18 Cone./iS Area )
Curve type: RF
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Compound name: 440DT

Respense Factor: $.06381

RRF £D: 00345843, % Relative SD: 328073

Respuorse type: Internal S1d{ Ref 32 ), Area™ (18 Cone. /15 Area )
Curye type: R¥
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Compound name; #C Bz

Resporse Factor: 0083149

RRF SD: 00142202, % Relative SD: 1.42466

Resporee type: Intemal $1d{ Ref23 ), Area™ (IS Conc./ 15 Area )

Curwve type: RF
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Q Chromatogram
- HCB standard
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1 VOCs

QO Analytical method (Korean Official Testing Method for Drinking Water
(ES 056011A4a))

Sample preparation

* Sample 5mL
= Internal STD 40ug
(12-dichlorobenzen-ds

Purge and Trap ‘

| GCMS (SIM) |

Q GC/MS condition

_ Instrument Agilent Technologies 689N
Injection mode Split, 10 : 1, (purge time 11min)
. DB-5MS (30m*0.32mm %250 m film
Separation column .
e thlcnkness)
30T (Pmin)—=3C/min—-60T (3min)—15T/min
Oven temperature | —80T (0min)—10C/min—100C (Omin)
—20TC /min—>200C (0min)
Carrier gas flow Helium (99.999%), 1.5 mf/min
Instrument Agilent Technologies 59758
Ion mode SIM (M/M+2, M+2/M-+4) o
MS Resolution above 10,000 (10% Valley)
Ionization mode Electron lonization
Ionization energy 70 eV
Ion source temp. | 230°C

- 51 - {i?f} (gvc’;? {:}



QO Calibrations

: 05,1, 2,5 15, 20, 25 ug/L

Compound Calibration Curve Response % RSD ! Recovery
Factor
1,1-Dichloroethylene y=0.259%x+0.0119 0.998 5.83 97.08%
trans-1,2-Dichlorcethylene | y=0.603x+0.00598 0.999 10.61 | 95.85%
cis-1,2-Dichloroethylene y=0.607x+0.0121 0.999 4.70 | 102.50%
Dichloromethane y=0.400x+0.0341 0.987 3.59 | 102.85%
Chloroform v=1.34x+0.0107 1.000 6.22 93.83%
1,1,1-Trichloroethane v=1.13x+0.0289 1.000 225 | 114.43%
Benzene y=2.75x+0.0913 0.999 145 | 105.23%
Tetrachlorocarbon y=0.978x-0.0114 0.998 325 | 109.95%
Trichloroethylene y=0.840x+0.0265 0.999 5.33 97.03%
Bromodichloromethane y=1.28x+0.0282 0.999 344 | 100.05%
Toluene y=3.10x+0.122 0.999 2.33 92.15%
Dibromochloromethane y=1.80x+0.0139 0.999 227 99.28%
Tetrachloroethylene y=110x+0.00733 0.999 3.51 96.48%
Ethylbenzene y=3.81x-0.362 0.995 1852 | 79.85%
p-Xvlene y=3.10x-0.549 0.991 0.37 81.78%
m-Xylene y=335x0527 | 0994 | 045 | 8028%
o-Xylene y=1.73x-0.297 0.992 0.57 84.43%
Bromoform y=0.938x-0.0652 0.999 1.9 92.35%
S D/



QO Calibration curves

1,1-Dichloroethylene
Response Ratio

trans-1,2-Dichloroethylene
Response Ratio
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Trichloroethylene
Hesponge Matice
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Chromatogram

» Standard 5 ug/L
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« B07-217MW (Quantitation Ions)
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» BO7-22IMW (Quantitation ITons)
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1 PAHs

Q Analytical method (EPA method 3510C and EPA method 8270D)

Sample preparation ’

*Sample 1 L
= Surrogate STD 250 ng
(Napmds, ACE*dm, Phe"dlo, Chl‘~d]2, Per~d;2)

Separatory funnel
extraction

» Shaking with DCM 60 mL(X3)
*NaCl 1 ¢

| Filfration |

= 5B filter paper with anhydrous sodium sulfate

l Concentration J

* Sample concentrate 1 ml
= Internal ST 250 ng(Fli-di, Pyr-dig)

| GCMS |

Q GC/MS condition

(GC) Agilent 6890N

Instrument (MS) Agilent 5975B inert XL MSD
. HP5-MS 5% Phenyl methyl siloxane
Separation column | 36 L0860 k0 25um)

Oven temperature 70C (4miny—10TC/min—300C (15min)

Injection temperature |250C

Detector temperature | 280°C

Splitless injection 1 ulL

Carrier gas flow 1.2 mL/min (He)
Ionization El (70 eV)

Pata Aquisition SIM mode

- B0 - {Tf gw C;;j %?



O Calibrations : 10, 20, 50, 100, 250, 500, 1000 pg

) . Response
Compound Calibration Curve Recovery (%)
Factor

d8-Naphthalene (S1) y=2.62x+0.0158 1.000 50.5~74.2
d10-Acenaphthene (52) | y=0.836x+0.0124 1.000 52.0~82.8
d10-Phenanthrene (53) v=1.33x-0.000862 1.000 56.1~117.2
d12-Chrysene {54) v=(.962x+0.0137 1.000 556.2~93.1
di2-Peryiene (Sb) v=0.876x-+0.00613 1.000 52.4~88.6
51| Acenaphthylene y=1.45x+0.0151 1.000 -

s Acenaphthene v=0.894x+(.000747 1.000 -
Fiuorene v=1.06x-0.00577 1.000 -
Phenanthrene y=1.44x-0.00836 1.000 -
Anthracene v=1.18x-0.0145 (.999 -

S3| Fluoranthene y=1.24x+0.0092 0.999 -
Pyrene y=1.23x+0.00637 0.999 -
Benzo(a)anthrathene | y=0.846x+0.0194 1.000 -
Chrysene yv=0.879x+0.00668 1.000 -

1 Benzo(b)fluoranthene | y=0.86x-0.00558 1.000 -
Benzo{k)fluoranthene | y=0.812x+0.00479 0.999 -
Benzo(a)pyrene v=0.66x+0.00978 0.999 -
Indenofl,2 3 dpyrene | y=0.651x-0.00633 0.999 -

S5 | Dibenz(a h)anthracene | y=0.683x+0.0135 0.999 -
Benzo(ghi)perylene | y=0.728x+0.00784 0.999 -
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O Calibration curves

d8-Naphthalene
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d10-Acenaphthene
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Phenanthrene
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Benzo(a)pyrene Indeno(1,2,3-c,d)pyrene

Benzo{a)pyrene Indens{1,2. 3lpyrence
Respense Ratio Response Ratio
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- Surrogate Standard

<d8-Naphthalene> <d10-Acenaphthene>
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<d12-Pervylene>
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.J TPHs

Q Analytical method (Korean Official Testing Method for Water)

|  Sample preparation I

= Sample 500 mL

Separatory funnel
extraction

= Shaking with DCM 60 mL(X2)

f Filtration |

« 5B filter paper with anhydrous sodium sulfate

l Concentration ]

» Sample concentrate 2 mL

E Clean-up |

= Silica gel 0.3 g

| GC(FID) |

O GC/FID condition

Separation column

HP5 5% Phenyl methyl siloxane
(30m*320um»>0.25um)

Oven temperature

program

50C, 1min
15C /min to 200, 5C/min to 310T
310C, 15min

Injection temperature

280°C

Spht injection{1:20)

2 ul

Carrier gas flow

1.5 mL/min{Njy)

55/
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Q Calibrations : 170, 340, 680, 1,700, 3,400 ng

. Response
Compound Calibration Curve Recovery(%)
Factor
TPHs y=1.12815707*x+931.37501 1.000 73.0%3.55

Q Calibmation curves

Compound #1, FID1 A
Area = 112216707 Am$ +031.37601

Afea {Rel. Res%(3): -1.300
5
4000

3000 - /

_ e
2000 3 -
1247
4000 —/"'*
0 Conelation: £1.99980
— e,
n 2000 Amouni[ng]

YL
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Q Chromatogram

- Standard 1,700 ng
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[ Metals

Q Analytical method (Korean Official Testing Method for Drinking Water

(ES 15400 3a and 05400 2a))

Sample preparation

= Sample 50mL
"add (1+]) HNO: to a % {cxcept Boron)

ICPAMS, 1ICP(for Boron)

QO ICP/MS and ICP conditions

ICP/MS ICP
RF Power 1.2 KW 1.0
Nebulizer gas flow 0.96 L/min 1.2 L/min
Plasma gas flow 16.0 L/min 12,0 L/min
Jiat Vi
~ 75 - \YV-X Sj L t\é' éyj



QO Calibrations : B AGMEGAHASE BT, 5 10, 20, 50, 100 pg/lL.
@® 0005, 002, 005, 01, 02 me/L () 01, 02 05, 1.0 pg/L

Compound Calibration Curve Response Factor
Barium (Ba) y= 17497.3x 0.99999
Aluminium (Al) y= 3244.06x (0.99963
Chromium (Cr) y= 2453.04x 0.99988
Manganese (Mn) v= 7741.69x 0.99999
Iron (Fe) y= 109.455x 0.99988
Copper (Cu) y= 2078.92 0.99999
Zinc (Zn) y= 791.076x 0.99922
Arsenic (As) y= 1026.63x 0.99999
Selenium (Se) y= 84.8246x 0.99993
Cadmium (Cd) y= 1980.25x .99999
Lead (Pb) y= 15991.6x 0.99999
Boron (B) y= 79806x+97.68 0.99986
Mercury (Hg) y= 6410.62x 0.99822
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Q Calibmation curves
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y of | Test Result at Cp Carroll
Sample 18 12-247 13-279 54-283 15-286 16-289 20-575 BOF-176MW B809-17TMW BOD-176MW BOZ-2I7MW B07-21BMW
Sampling date /{2011 6/3/2011 6/2{2011 6/3/2011 6/2/2051 6/2/2011 /872011 /92011 6/9/2011 6/12/2011 6/13/2011
igtatfon Supply Wal Supply Well Supply Wek Supply Well Supply Wall Supply Well Helipad Hetipad Helipad Landfarm Landfarm
Rerbicide  2,4-0 ugfl, <0589 <0.588 <0571 < 0.568 <0.589 <0551 < 0.604 < 0604 <115 < 0.533 <0.615
2457 ugit <0569 <0.588 <0573 0.0575) <0588 <0551 < 0.604 < 0604 213 < 0.599 <0.615
4,51 [Slivex} ught <0568 <0588 <0571 <0.568 <0.589 <0.551 <0604 < 0.604 €115 <0.599 <0615
2,400 ugfl ~ 0.569 ~0.588 578 ©0.568 < 0.559 <0558 «0.601 < 0.601 114 «0.599 N 0.615
Dicamba ugll < 0.569 <0.588 <0571 <0.568 <0.589 <0551 <0.604 < 0.604 <115 < 0.599 <0.615
Cloxin 2,3,7.8-TCD0 ngfl < 000459 < 000506 < 0.00501 < 0.00500 < 0.00498 < D.00502 < 0.00496 < 000498 « 0004939 <0.00509 < D.06507
1,2,3,7,8-PeCDD npAL <0.0750 <0.0253 <0,0251 <0.0250 <0.0249 «0.0251 «0.0248 <0.0243 < 0.0250 < 0.0285 <0.0254
1,2,34,7,8-HxCOD ngfL < 0.0250 <0.0253 <0.0751 <0.0250 <0.0249 <0.0251 <0.0248 < 00243 <0.0250 <0025 <0.0254
1,2.3,6,7,8-HyCOD ngft < 00250 < 00253 < 00251 «0.0250 < 00248 «0.0251 «0.0248 < 00242 < Q0250 «0.0255 < 0.0254
1,2,3,7,8,9-HxC0D ngft < 0.0250 < 00253 <0251 < 00250 < 00249 <0.0251 « 0.0248 <0.0249 < 00250 <0.025% <0.0254
1,2,3.4,6,7,B-HpCbD ngfl < 0.0250 <D0753  0.00431 EMPC <0.0250 < 0.0249 <0.0251 < 0.0248 <0.0745 €0.0250 «0.0255 <0.0254
nenn ngfl <N < LR 0206 FVPE < LR <1049R < 057 < (L049R <0498 <M <509 <0.0507
Furan 2,37 B-TCDF e/l < 000499 < 0.00506 < 0.00501 < 000500 < 000498 0.000763 EMPC < 0.00496 < 0.00498 < 0.00499 <0.00509 < D.00507
1,2,3,2,8-PeChF ngfL «0.0250 «0.0253 < 00251 <0.0250 <0.0249 0.00108 EMPC «5.0248 < (0249 < 00250 <0055 <0.0254
2,3,4,2,B-PelOF ngft «0.0250 60004255 0.000962 EMPC <0.0250 <0.0749 <0.0251 < 00248 <0049 <0.0259 < 0.0255 < 0.0254
1,2,3,4,7,8-HxCDF ngft < 0.0250 <0023 0.00124 § < 0.0250 < QU049 <0.0251 < 00248 00242 <0.0250 < 0.0255 <0.0254
ngfl < 00250 < 0,0253 0.00130 ¢ <0.0250 < 0.0249 <0251 < 0.0248 <0.0242 <0.0250 <0.0255 < 0.0254
ngfl < 00250 < 0.0253 < 00251 < Q0250 < 00249 <0.0251 < 0.0248 <0.0249 <0.0250 <0.0255 < 00254
ngll < 0.0250 < 0.0753 < 00251 < Q0250 < 0.0249 <0.06251 < (L0248 <0.0249 < 0.0250 <0.0255% < 00254
1,2,34,6,7,8-HpCOF ap/l <0.0250 <B.0253 0.00285 1 <0.0250 £0.0249 <0.0251 <0.0245 <0.0249 < 0.0250 <0.0255 <0.0254
1,2,3,4,7,8,9-HpCOF ngfL <0.0750 <p.e2s3 <0751 <0.0250 £0.0249 <0.0251 <0.0248 <0.0249 < 00250 <0.0255 £0.0254
OCBF ngfL <0.049% < 0.0506 0.0156) <G.0500 <0.0498 < 00502 <0.04%6 <0.0438 < 00492 < 0.0508 <0.0507
WiH0-2005 TEQ (ND=0) ngft 6 0600127 0000287 [ [ 0 o l o 0 o
WHO-2005 TEQ wW/EMPC (ND=0] ngt [ 6.600127 0.000625 o o 0.000105 o o 0 [ 0

NOTES:
1.k Estimated anpual deteced between the methad detection limit and lower ealibration fimht

T MR Fstimated mayimbin possibbe ennrentration diss 1o ink ratin {athes

Primary Sample: 10f 2



Summary of Groundwater Test Result at Cp Carroll

Sample 1D BOT-219MW  BOT-220MW  BO7-221MW  BOS.453MW  BOS-468MW  BO3.AGSMW  BOZASGMW  BO3-467MW  BOJ.A6BMW  BOSIO3MW  BOS.2IMW
samphngdate  B/11/2011 6122011 sf12/2011 6/10/2011 /1572011 6/16/2011 6/54/2011 /1572011 £/16/2011 6/14/2011 6/10/2011
Lecation Landfarm tandlerm Landfarm Arco D AreaD Arca D Arcab Area B Area D area AreaD
Hesbicide  2.4-D ug/L <0614 <D.60C <0593 <117 <055 < D606 <D.582 <0533 <0.617 <0601 PLY3H
2457 vglL <0.614 <0.60C <0593 283 <0.5%0 <0.605 1.02 0.2083 <0.617 < 0.601 <0.612
2,4,57P [Sitvex) vgll <0614 <0.500 <0.593 <117 <0.5%0 <0608 <0562 <0.593 <0617 <0601 <0.612
2,4 08 ugh #0.611 <0600 ~0.503 £1a7 0500 0808 ~Q.562 < 0,503 0617 - 0.601 0682
Dicamba ught <0.614 < 0.600 <0.593 <147 <0.5%0 <0.608 <0562 <0.593 <0617 <0601 <0612 v
Dioxin  2,5,1 8 100D g/t < 0.00498 <0.00502 < 0.00499 < D.00498 <D.06493 <0.00507 <O0G504 < CH050E <0.06503 <6.00508 < 0,00497 )
1,2,3,7,8-Pecab il <0.0243 <0.0251 <0.0249 <0048 <0.0249 <0.0253 <0.0252 <0.0253 < 00251 < 00254 < 00248
4,7,B-HxCOD agfl <0.0249 <00251 <0.0249 <0.024% < 00249 <0.0253 < 0.0252 < 00253 <6.0251 < 0.0254 <0028
67,8 HL DD aglht <0.0249 <0.0251 <0.0249 < 00249 <0.0249 <0.0253 < 00252 <0253 <0.0251 <0025 <00248
7,8,9 HXCOD ng/L <0.0249 <0.0251 <0.0249 < 0.0245 <0.0249 <0.0253 <0.0252 < 00253 <0.0251 <BO254 <0,0248
1,2,3,4,6,7,8 HptOD ngit <0.0249 <0.0251 <0.0249 <0.024% <0.0249 <0.0253 <0.0252 < (0253 <0.0251 <0.0254 <0,0248
oton agit <0.0498 <0.0502 <0.0499 < 0.0408 <0.0499 < 0.0507 < 0.0504 <0.0506 <0.0503 <0.0508 <0.0497
Furan 2,3,7,81CDF ngiL <0.00428 < B.00502 < 0.004%9 < 0.00396 < QK9S <0007 < G00504 < 0.00506 <0.00503 <0508 <OMRHST
1,2,3,7,8 PeLDF ng/t <0.0249 <0253 < 00248 <0.0249 <0.0248 <0.0253 <0.0252 <0.0253 < 0.025¢ <0.0254 <0.0248
2,34,7,8 PeCOF ngit <0.0249 < 0.025¢ <0.024% <0.0249 <0245 <0.0253  0.00205 EMPC <0.0253 <0025% <0.0254 <0,0248
1,2,34,7.8 HrCDF gL <0.0249 < 00251 < 0.0249 <0.0245 <0249 <0.0253% < 00252 <0.0253 <0251 <0.0254 <0.0248
1,2,3,6,7,8 HrCDF gL <0.0249 < 00351 < 00249 < 0.0249 <0249 <0.0253 < 00252 <0.0253 <0254 <0.0254 <0.0248
2,3,4,6,7,8 HrlOF ng/L <0249 <0.0751 <0.0249 < 0.0249 <0249 <0253 < 00252 <0.0253 <0254 <0254 <0024
1,2,3,7,89-HeCOF ng/L < 00243 <0.0251 <D0209 < 0.0248 < 00249 <0.0253 < 00252 <0.0253 <0.0251 <0025 <0.0248
1,2,3,4,6,7,8HptOF ngh <0.0243 <0.0251 <0.0249 <0.024% <0.0249 < 00253 < 60252 <0.0253 <0.0251 <0.0254 <0.0248
1,2,34,7,8,9 HpLOf nglt <0.0249 <0.0251 <D.0249 <0.024% <0.0249 <0.0253 < G052 <0253 <0.0251 <0254 < 0.0248
OCOF hgfL <0.0498 <0.0502 <0.0499 <4098 < 00499 <0.0507 < G.0504 <0506 < 00503 <0.0508 < 0.0497
WHO-2005 TEQ {ND=0) nght 0 [ [ 6 ¢ ¢ [ [ 0 0 [
WHD-2005 T6Q w/EMPE [ND=0} aglt [ o g [ 2 o 6600615 o ] [ 9
NOTES:

L. ) Estimaled amount delocted between the method de
2. EMPL: Estimated maximium possitde concentration dui

Primary Sample: 20f 2

o
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HHRA No. 39-DA-0ESM-11, Camp Carroll, Teagu, South Korea, 15 Jun through 16 Aug 11

APPENDIX C

FOCUSED HUMAN HEALTH RISK ASSESSMENT

C—1. INTRODUCTION.

a. The health threat from a site can be estimated through the use of risk agsessment
technigues. These estimates are useful in supporting whether health effects could be
anticipated from the evaluated use of the site. Such calculations have also proved
valuable in developing and supporting planning decisions about the need for remedial
actions on sites thought or known to be affected by activities involving chemical
releases.

b. This appendix presents a focused human heaith risk assessment performed for
evaluating the health implications of hypothetical industrial workers, utility/maintenance
workers, construction workers, soldiers in training, and an aduit resident on the
suspected site of a former Drum Disposal site at Camp Carroli, Taegu, South Korea.
The risk assessment is focused to these sites to address health concerns from
exposure to the materials which could have been disposed of at these sites. The
receptors evaluated represent a range of present and future site users. The risks to an
aduit resident are also presented as a point of comparison. The residuai contamination
at the site is believed to be in the subsurface due to the operation of the disposal trench;
however, surficial exposures are also evaluated for this site because the area is
presently used for industrial operations (helipads, helicopter maintenance, and material
storage). A focused risk assessment evaluates the health implications from a specific
suspected source or affected receptor type. This assessment is considered focused
since it was performed to evaluate the health consequences of an exposure to a
specific suspected contaminant source. This approach attempts to provide evidence of
the existence of the contaminant source and provides an understanding of the potential
health threats that may be posed by the exposure to any residual chemicals at the site.

c. This focused risk assessment will follow the same methods used for conducting
baseline risk assessments at U.S. Environmental Protection Agency (USEPA)
hazardous waste sites.

d. Three poinis about a risk assessment should be emphasized.

(1) First, an estimate of carcinogenic risk or noncarcinogenic hazard is
dependent upon the assumptions and numerical values used in the risk
characterization, toxicity evaluation, and exposure assessment components. Risk
assessment estimates should not be taken as absolute measures of an individual's

C-1 ‘
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HHRA No. 39-DA-0ESM-11, Camp Carroll, Teagu, South Korea, 15 Jun through 16 Aug 11

probability of an adverse health effect. Rather, the estimates should be viewed as a
threshold of concern for the receptor populations. Since most exposure parameters
incorporate methods are designed to be very conservative and protective of human
health with built-in safety factors in order to address uncertainties and be consistent with
the public health principle of prevention. Since the process is protectively designed, the
risk values generated represent estimates of risk that are most likely an overestimate.

(2) Second, these estimates do not indicate that an adverse outcome actually will
occur, they only indicate the likelihood or probability that such outcomes might occur
under very specific exposure conditions. However, the flexibility to adjust exposure
assumptions and values allows risk managers to analyze a number of different
exposure conditions and reach a more informed decision than if a risk assessment was

not conducted.

(3) Third, a comprehensive risk assessment is only one of several tools that can
provide useful information for risk management decisions. Results of a risk assessment
only contribute to a final risk management solution; they are not the final solution.

When all uncertainties associated with the assumptions and exposure values are
identified, however, a comprehensive risk assessment can assist policy developers and
risk managers in reaching a more informed risk management decision about available

management options.

C-2. METHODOLOGY AND ORGANIZATION OF DOCUMENT. The methodology
employed for this risk assessment follows USEPA guidance. Four steps in the risk
assessment process are outlined below. These sleps are discussed in more detail in
Sections C-3 through C-6.

a. ldentification of Chemicals of Concern (Section C-3). This section provides site-
related data in the affected media along with background chemical data for those
media. In this study, the exposure media being quantitatively evaluated include soil
(surface and subsurface), groundwater, and drinking water. Detailed summaries and
statistical analyses of these data are provided in this section. Chemicals with detections
in the applicable environmental media greater than the screening criteria were
evaluated in the risk assessment. Chemicals not detected or not detected above the
screening criteria in any sample in a media were eliminated from further evaluation in
that media. This section discusses the additional reasons for eliminating chemicals
from further evaluation in the risk assessment.

b. Exposure Assessinent (Seclion C—4). For human exposure to occur, a pathway
must be complete. That is, all of the following must be present. a source, a transport
media {for example, soil}, an exposure point (location), and an exposure route
(for example, ingestion). This section includes derivation and presentation of the

C-2



HHRA No. 39-DA-0ESM-11, Camp Carroli, Teagu, Scuth Korea, 15 Jun through 16 Aug 11

exposures expected at the site and used in the human health risk assessment.
Examples of scenarios which may be active on this site are hypothetical construction
workers. Chemical-intake values are calculated based on exposure pathways, specific
exposure values, and assumptions. Equations used to calculate intakes for all
applicable exposure pathways are presented in this section.

¢. Toxicity Assessment (Section C—5). This section presents the toxicity values
used in the human health risk calculations. Reference to the appropriate data sources,
such as the Integrated Risk Information System (IRIS) (USEPA, 2007) or California’s
Office of Environmental Health Hazard Assessment (State of California, 2011), are
provided to support the toxicity values.

d. Risk Characterization (Section C-8). This section presents the risk calculations
for all complete human health exposure pathways. Noncarcinogenic and carcinogenic
risk estimates are summarized for each receptor and exposure pathway. In all
scenarios, the calculated risk values apply to a hypothetical individual on the site and
represents an upper-bound (reasonable maximum) risk estimale. Thus, (he calculated
risk is not directly applicable to actual individuals living and/or working on the site. All of
the exposure assumptions have been chosen to protect the maximum reasonably
exposed individual. This provides a conservative estimate of risk, which tends fo
overestimate the risk to any actual individual.

C-3. IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN (COPCs).

a. Introduction. The results from the strategically placed sampling were used in this
evaluation. While the samples with in a borehole location were chosen to evaluate
specific exposure scenarios, the locations of the boreholes were chosen to be biased
towards finding contamination to address the concern that chemicais were buried on
one or more of the sites and to identify the types of chemicals that may have been
disposed of. Groundwater and drinking water samples were obtained from the existing
wells on and around the sites. Soil samples were obtained using direct push technology
and collected for depth intervals consisting of: 0-0.5 meters; 0.5-2 meters; 3-5 meters;
and either just above and below the first encountered groundwater or just above
bedrock refusal in dry boreholes. These samples were collected from June to
August 2011 to characterize the residual and/or source contamination. The results for
the sampling were provided as laboratory data sheets and appear in Appendix B. All
samples were analyzed for metals, volatile organics, semivolatile organics, herbicides,
dioxin/furans, and pesticides (USEPA, 1996). All reported detections were considered
as reported and nondetected substances of chemicals that were not deleted through
screening were considered at one-half the detection limit for consideration in the risk
evaluation.

C-3
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HHRA No. 39-DA-0ESM-11, Camp Carroll, Teagu, South Korea, 15 Jun through 16 Aug 11

b. Data Pattern. Since this area was reported as having an industrial use in the
past, the sporadic distribution of the data was not unexpected. However, the data in a
few discrete areas are worth special note. The area around boreholes E11-118 and
£11-124 appears to contain a concentration of pesticides that is significantly higher than
other general areas of the Phase | site. The results of the surface soil sample of
borehole E11-155 contained an arsenic concentration that was one-two orders of
magnitude higher than those of the surrounding boreholes. The resuits of the S3 depth
(2.0-3.4 meters below ground surface (bgs)) of borehole E11-160 showed low
concentrations of multiple semivolatile organic compounds (mostly polyaromatic
hydrocarbons, and chlorinated phenols, benzenes, and toluenes). This sample is
noteworthy because other samples in the area only showed a few detections of these

compounds.

¢. Data Reduction Evaluation Considerations and Calculation of the Exposure Point
Concentration. The maximum concentration found for each chemical was compared to
the USEPA Residential Screening Levels (RSLs) to develop the list of chemicals that
would be retained for further evaluation. Chemicals whose maximum concentrations
did not exceed its RSL were eliminated from further consideration. Removing analytes
from further consideration is consistent with USEPA Risk Assessment Guidance
(USEPA, 1988). Chemicals, which were not detected at any sample location within a
phase, were not considered; these were also eliminated from further consideration.
Chemicals which did not have corresponding RSLs were retained if not eliminated for

another reason.

{1) This section contains the data evaluation for the Phase | data. Tables C-1
and C-2 list the chemicals evaluated for the Phase [ site that were included in the
analytical suite. These tables compare the maximum detected concentration for each
chemical with its corresponding RSL.

(a) The data were evailuated to compare the site data set to the chemicals
resulting from the analysis of the analytical blanks. Analysis of analytical blanks was
used to evaluate the possibility that some chemicals in the site data set have resulted
from the analysis and are not related to site activities. Chemicals in the site data set will
be eliminated from further consideration if the concentration in the site data setis ata
concentration less than ten times that found in the analysis of the blank sample.

(b) The frequency of detections was not used to eliminate chemicals from this
data set due to the limited amount of historical analytical data on the site.
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Table C-1. Saoil
Parameter Maximum | Maximum | USEPA | Chemical | Note
Defected | Detected RSL retained?

Units ug/kg ma/kg mg/kg YIN

Volatile Organic Chemicals

ND ND | 190+00 | N | ND-(Not
1,1,1,2-Tetrachlorcethane detected)
1,1,1-Trichioroethane ND ND 8.70E+03 N ND
1,1,2,2-Tetrachloroethane ND ND 5.60E-01 N ND
1,1,2-Trichloroethane ND ND 1.10E+00 N ND
1,1-Dichioroethane ND ND 3.30E+00 N ND
1,1-Dichioroethene ND ND 2 40E+02 N ND
Not N ND
ND ND applicable
1,1-Dichloropropene (NA)
1,2,3-Trichlorobenzene 280 0.28 4.90E+01 N <RSL
1,2,3-Trichloropropane ND ND 5.00E-03 N ND
1,2,4-Trichiorobenzene 921 0.921 2.20E+01 N <RSL
1,2,4-Trimethylbenzene 1390 1.39 6.20E+01 N <RSL
1,2-Dibromo-3-chloropropane ND ND 5.40E-03 N ND
1,2-Dibromoethane ND ND 3.40E-02 N ND
1,2-Dichlorobenzene ND ND 1.90E+03 N ND
1,2-Dichloroethane ND ND 4.30E-01 N ND
1,2-Dichloropropane ND ND 9.40E-01 N ND
1,3,5-Trimethylbenzene 736 0.736 7.80E+02 N <RSL
1,3-Dichlorobenzene ND ND 2.40E+00 N ND
1,3-Dichloropropane ND ND 1.60E+03 N ND
1,4-Dichlorobenzene 85.7 0.0857 1 2.40E+00 N <RSL
2,2-Dichloropropane ND ND NA N ND
2-Butanone (MEK) 67.4 0.0674 | 2.80E+04 N <RSL
2-Chlorotoluene ND ND 1.60E+03 N ND
2-Hexanone 5.61 0.00561 | 2.10E+02 N <RSL
4-Chlorotoluene ND ND 1.60E+03 N ND
4-isopropyltoiuene 433 0433 | 2.10E+03 N <RSL
- ~2-pentanone
?Mng:a!:;?l!sogutyl ketone) ND ND 5.30E+03 N ND
Acetone 250 0.25 6.10E+04 N <RSL
Benzene 117 0.117 1.10E+00 N <RSL
Bromobenzene ND ND 3.00E+02 N ND
C-5
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Bromochloromethane ND ND 1.60E+02 N ND
Bromodichloromethane ND ND 2.70E-01 N ND
Bromoform ND ND 6.20E+01 N ND
Bromomethane ND ND 7.30E+00 N ND
Carbon disulfide ND ND 8.20E+02 N ND
Carbon tetrachioride ND ND 6.10E-01 N ND
Chiorobenzene 8.36 0.00836 | 2.90E+02 N <RSL
Chloroethane ND ND 1.50E+(01 N ND
Chloroform ND ND 2.90E-01 N ND
Chloromethane ND ND 1.20E+02 N ND
cis-1,2-Dichioroethene 215 0.215 1.60E+02 N <RSL
cis-1,3-Dichloropropene ND ND 1.70E+00 N ND
Dibromoechloromethane ND ND 6.80E-01 N ND
Dibromomethane ND ND 3.40E-01 N ND
Richlorodifluoromethane ND ND 9 40+01 N ND
Ethyl Benzene 451 0.0451 5.40E+00 N <RSL
Hexachlorobutadiene ND ND 6.20E+00 N ND
Isopropylbenzene (Cumene) ND ND 2.10E+03 N ND
m,p-Xylene 988 0.988 6.00E+02 N <RSL
Methyl iodide 4.01 0.00401 7.8E+02 N <RSL
Methylene chloride 9.47 0.00947 | 1.10E+01 N <RSL
Naphthalene 7660 7.66 3.60E+00 Y
n-Butylbenzene ND ND NA N ND
n-Propylbenzene ND ND 3.40E+03 N ND
o-Xylene 685 0.695 6.00E+02 N <RSL
' sec-Butylbenzene ND ND NA N ND
Styrene ND ND 6.30E+03 N ND
::nr}t:BBél)tyi methyl ether ND ND 4 30E+01 N ND
tert-Butylbhenzene ND ND NA N ND
Tetrachioroethene 18000 18 5.50E-01 Y
Toluene 8.55 0.00855 | 5.00E+03 N <RSL
trans-1,2-Dichloroethene 0.953 0.000953 | 1.50E+02 N <RSL
trans-1,3-Dichioropropene ND ND 1.70E+00 N ND
trans-1,4-Dichloro-2-butene ~ND ND 6.90E-03 N ND
Trichloroethene 186 0.186 2.80E+00 N <RSL
Trichlorofluoromethane ND ND 7.90E+02 N ND
Vinyi chloride ND ND 6.00E-02 N ND
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Semivolatile Organic
Chemicals
1,2,4-Trichlorobenzene 301 0.301 2.20E+01 N <RSL
1,2-Dichlorobenzene ND ND 1.90E+03 N ND
1,3-Dichlorobenzene ND ND 2.40E+00 N ND
1,4-Dichlorobenzene 157 0.157 2.40E+00 N <RSL
2,4,5-Trichlorophenol ND ND 6.10E+03 N ND
2.,4,6-Trichlorophenol ND ND 4 40E+01 N ND
2,4-Dichlorophenol ND ND 1.80E+02 N ND
2,4-Dimethylphenol ND ND 1.20E+03 N ND
2,4-Dinitrotoluene ND ND 1.60E+00 N ND
2,6-Dinitrotoluene ND ND 6.10E+01 N ND
2-Chioronaphthalene ND ND 6.30E+03 N ND
2-Chlorophenol ND ND 3.90E+D02 N ND
2-Methylnaphthalene 2140 2.14 3.10E+02 N <RSL
2-Methyiphenoi (Cresol) ND ND 7.50E+03 N ND
2-Nitroaniline ND ND 6.10E+02 N ND
2-Nitrophenol ND ND NA N ND
3 and/or 4-Methylphenol ND ND 7.50E+06 N ND
3-Nitroaniline ND ND 2.40E+01 N ND
4-Bromophenyl phenyl ether ND ND NA N ND
4-Chloro-3-methylphenol ND ND NA N ND
4-Chioroaniline ND ND 2.40E+00 N ND
4-Chlorophenyl phenyl ether ND ND NA N ND
4-Nitroaniline ND ND 240E+01 N ND
4-Nitrophenol ND ND NA N ND
Acenaphthene ND ND 3.40E+03 N ND
Acenaphthyiene ND ND NA N ND
Anthracene ND ND 1.70E+04 N ND
Benzo(a)anthracene ND ND 1.50E-01 N ND
Benzo{a)pyrene ND ND 1.50E-02 N ND
Benzo(bHluoranthene ND ND 3.80E-01 N ND
No
ND ND | Screening N ND
criteria
Benzo(g,h,ijperylene (NC})
Benzo(k)fiuoranthene ND ND 1.50C+00 N ND
Bis{2-Chloroethoxy)methane ND ND 1.80E+02 N ND
Bis{2-Chloraethyl)ether ND ND 2.10E-01 N ND
Bis(2-Chloroisopropyl)ether ND ND NA N ND
Bis{2-Ethylhexyl}phthalate 671 0.671 3.50E+01 N <RSL
Butyl henzyl phthalate ND ND 2.60E+02 N ND
Chrysene ND ND 1.650E+01 N ND
Dibenz(a,h)anthracene ND ND 1.50E-02 N ND
C-7
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Dibenzofuran ND ND 7.80E+01 N ND
Diethyl phthalate ND ND 4.90E+04 N ND
E;r;’ade)thyl phthalate (Phthalic 616 0616 6.10E+04 N <RSL
Di-n-butyl phthalate 30.8 0.0308 | 6.10E+03 N <RSL
Di-n-octyl phthalate ND ND NA N ND
Fluoranthene 35.2 0.0352 | 2.30E+03 N <RSL
Fluorene ND ND 2.30E+03 N ND
Hexachlorohenzene ND ND 3.00E-01 N ND
Hexachlorohutadiene ND ND 6.20E+00 N ND
Hexachiorocyclo pentadiene ND ND 3.70E+02 N ND
Hexachloroethane ND ND 3.50E+01 N ND
Indeno(1,2,3-cd)pyrene ND ND 1.50E-01 N ND
Isophorone ND ND 5.10E+02 N ND
Naphthalene 281 0.281 3.60E+00 N <RSL
Nitrobenzene ND ND 4.80E+00 N ND
n-Nitrosodi-n-propylamine ND ND 6.90E-02 N ND
Pentachlorophenol ND ND 8.90E-01 N ND
Phenanthrene ND ND NC N ND
Phenol ND ND 1.80E+04 N ND
Pyrene ND ND 1.70E+03 N ND
Organophosphous

Pesticides

Bolstar ND ND NA N ND
Chliorpyrifos ND ND 1.8E+02 N ND
Coumaphos ND ND NA N ND
Demeton ND ND 2.4 N ND
Diazinon ND ND 4.3E+01 N ND
Dichlorvos ND ND 1.7 N ND
Dimethoate ND ND 1.2E+01 N ND
Disuifoton ND ND 2.4 N ND
EPN ND ND NA N ND
Ethoprop ND ND NA N ND
Ethyl Parathion ND ND NA N ND
Fensuifothion ND ND NA N ND
Fenthion ND ND NA N ND
Malathion ND ND 1.2E+03 N ND
Methyl Azinphos (Guthion) ND ND NA N ND
Methy| Parathion ND ND 1.5E+01 N ND
Merphos ND ND 1.8 N ND
Mevinphos ND ND NA N ND
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Monocrotophos ND ND NA N ND
Naled ND ND 1.2E+02 N ND
Phorate ND ND 1.2E+01 N ND
Ronnel ND ND 3.1E+03 N ND
Sulfotep ND ND NA N ND
Stirophos ND ND 2.0E+01 N ND
TEPP ND ND NA N ND
Tokuthion ND ND NA N ND
Trichloronate ND ND NA N ND
Organochlorine Pesticides
4,4'-DDD 10700 10.7 2.00E+00 Y
4,4'-DDE 68.9 0.0689 | 1.40E+00 N <RSL
4,4'-DDT 2990 2.99 1.70E+00 Y
Aldrin ND ND 2.90E-02 N ND
alpha-BHC 4800 4.88 7.70E-02 Y
alpha-chlordane ND ND 1.60E+00 N ND
beta-BHC ND ND 2.70E-01 N ND
Chlordane ND ND 1.60E+00 N ND
delta-BHC 5360 5.36 2.70E-01 Y
Dieldrin 0.918 0.000918 | 3.00E-02 N <RSL
Endosuifan | 0.531 0.000531 | 3.70E+02 N <RSL
Endosulfan il ND ND 3.70E+02 N ND
Endosulfan sulfate ND ND 3.70E+02 N ND
Endrin ND ND 1.80E+01 N ND
Endrin aldehyde 1.57 0.00157 | 1.80E+01 N <RSL
Endrin ketone ND ND 1.80E+01 N ND
gamma-BHC (lindane) 163000 163 5.20F-01 Y
gamma-chlordane 0.858 0.000858 | 1.60E+00 N <RSL
Heptachlor ND ND 1.10E-01 N ND
Heptachior epoxide ND ND 5.30E-02 N ND
Methoxychlor ND ND 3.10E+02 N ND
Toxaphene ND ND 4.40E-01 N ND
Herbicides
2,4.5-T ND B.1E+02 N ND
2,4,5-TP (Silvex) ND 4.9E+02 N ND
24D ND 6.9F+02 N ND
2,4-DB ND 4 9E+02 N ND
Dicamba ND 1.8E+03 N ND
C-9
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Metals
Arsenic 39 3.90E-01 Y
Barium 409 1.50E+04 N <RSL
Cadmium 2,76 7.00E+01 N <RSL
Chromium 16.7 1.20E+05 N <RSL
Lead 138 4 00E+02 N <RSL
Mercury 0.0147 | 1.00E+01 N <RSL
Selenium 1.35 3.90E+02 N <RSL
Silver 0.533 3.90£+02 N <RSL
Dioxin {I-TEQ)
I-TEQ (TCDD Equivalent) 1.16E-03 | 1.16E-06 | 4.5E-06 N <RSL
Table C-2. Groundwater
Parainelei Maximium | Maximum | USEPA MCL Chemical ; Note
Detected | Detected | RSL retained?
Units mg/L ug/L ug/L ug/L YIN
Volatile Organic
Chemicals
1,1,1-Trichloroethane ND ND 2.4E-01 5 N ND
1,1-Dichlorcethene ND ND 2.4 - N ND
Benzene ND ND 4.1:-01 5 N ND
Bromedichiocromethane ND ND 1.2E-01 80 N ND
Bromoform ND ND 1.2E-01 80 N ND
Carbon tetrachloride ND ND 4 4E-01 5 N ND
Chlorofoerm ND ND 1.9E-01 80 N ND
cis-1,2-Dichloroethene ND ND 7.3E401 70 N ND
Dibromochloromethane ND ND 1.5E-01 80 N ND
Ethyl Benzeng ND ND 1.5 700 N ND
m,p-Xylene ND ND 2.0E+02 - N ND
Methylene chioride ND ND 4.8 5 N ND
o-Xylene ND ND 2.0E+02 - N ND
Tetrachloroethene 0.211 211 1.1E-01 5 1'%
Toluene ND ND 2.3E+03 1000 N ND
trans-1,2-Dichloroethene ND ND 1.1E+02 100 N ND
Trichloroethene 0.001 1 2 5 N <RSL
C-10
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Semivolatile Organic

Chemi ng/L

emicals
Acenaphthalene ND ND 2.2E+03 - N ND
Acenaphthene ND ND 2.2E+03 - N ND
Fluorene ND ND 1.6E+03 - N ND
Phenanthrene ND ND NC - N ND
Anthracene ND ND 1.1E+04 - N ND
Flucranthene ND ND 1.5E+03 - N ND
Pyrene ND ND 1.1E+03 - N ND
Benzo{a)anthracene ND ND 2.9E-02 - N ND
Chrysene ND ND 2.9 - N ND
Benzo(b)fiuoranthene ND ND 2.9E-02 - N ND
Benzo(k)fiuoranthene ND ND 2.9E-01 - N ND
Benzo(a)pyrene ND ND 2.9E-03 - N ND
Benzo(g,h,i)perylene ND ND NC - N ND
Dibenz{a,h)anthracene ND ND 2.9E-03 - N ND
Indeno(1,2,3-cd)pyrene ND ND 2.9E+02 - N ND
'rll'otal Polyaromatic ND ND NA - N ND

ydrocarhon
- Y Data
from
0.29 1.4E-01 Area D
USACE,

Naphthalene 2011
Organochlorine
Pegticides ng/L
4,4'-DDD ND ND 2.8E-01 - N ND
4,4'-DDE ND ND 2.0E-01 - N ND
4,4'-DDT ND ND 2.0E-01 - N ND
Aldrin ND ND 4.0E-03 - N ND
alpha-BHC 69.8 0.0698 1.1E-02 - Y
alpha-chlordane ND ND 1.9E-01 2 N ND
beta-BHC 0.8 0.0008 3.7E-02 - N <RSL
delta-BHC 290 0.29 3.7E-02 - Y
Dieldrin 34 0.0034 4.2E-03 - N <RSL
Endosulfan | 1.9 0.0019 2.2E+02 - N <RSL
Endosulfan li 3.5 0.0035 2.2E+02 - N <RSL
Endrin 2.2 0.0022 1.1E+01 2 N <RSL
gamma-BHC {lindane) 2726.0 2.726 6.1E-02 | 2.0E-01 Y

| gamma-chiordane ND ND 1.9E-01 2 N ND
Heptachlor ND ND 1.5E-02 0.4 N ND
Heptachlor epoxide 1.4 0.0014 7.4E-03 0.2 N <RSL
Trans-nonachlor ND ND NA - N ND
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Cis-nonachior ND ND NA - N ND
Hexachlorobenzene(HCB) ND ND 4.2E-02 1 N ND
Oxychlordane ND ND NA - N ND
Mirex ND ND 3.7E-03 - N ND
Pentachlorbenzene ND ND 2 9E+01 . N ND
Herbicides

2,4,5-T 0 3.7E+02 - N ND
2.4'-D 0 3.7E+02 70 N ND
Metals mg/L.

Aluminum 0.18 180 3.7E+04 - N <RSL
Arsenic ND ND 4.5E-02 10 N ND
Barium .06 60 7.3E+03 2000 N <RSL
Boron ND ND 7.3E+03 - N ND
Cadmium ND ND 1.8E+01 5 N ND
Chromium ND ND 55FE+04 - N ND
Copper ND ND 1.6E+03 1300 N ND
iron 0.25 250 2.6E+04 - N <RSL
lLead ND ND - 15 N ND
Mercury ND ND 6.3E-01 2 N ND
Manganese 0.021 21 8.8E+02 - N <RSL
Selenium ND ND 1.8E+02 50 N ND
Zinc 0.117 117 1.1E+04 - N <RSL
Dioxin (I-TEQ)

I-TEQ (TCDD Equivalent) 1.0E-09 | 52E-07 | 3.0E-05 N <RSL

(c) Soil has a natural concentration of certain chemicals (background). While
there is some differing opinions as to whether anthropogenic chemicals (those released

into the environment by man but not by the operation/site under evaluation (i.e.,

chemicals released in vehicle exhaust from a highway near the site)) should be included
in the evaluation, most environmental professionals will agree that concentrations from

the natural constituent of the soil should not be considered in evaluating the health

effects from exposure to a site. Most of the chemicals affected by this issue belong to
the metals group. At this site, arsenic is at a concentration high enough to be ratainad
for further evaluation if it is also higher than the region’s background concentration for
that chemical. Natural arsenic has been evaluated in the general area of Camp Carroll

(Jung et al., 2002; Kim et al., 2011). Jung et al. reported that control soil samples

contained a range of 5.1-25.3 mg/kg arsenic, while Kim et al. reported that the natural
soils in Korea can have arsenic concentrations that range from 8.8-387 mg/kg. Since

C-12
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the Phase | soils samples show an overall average concentration of 4.11 mg/kg with
averages by depth that ranged from 5.39-1.92 mg/kg, we are considering the arsenic
concentrations observed in Phase | due to background concentrations. Therefore,

arsenic was eliminated from further evaluation as a COPC.

(d) After eliminating nonsite-related chemicals from the risk assessment, the data
was divided by depth (Tables C-3 through C-7). Exposure point concentrations (EPCs)
were calculated as the upper 95" confidence limit (95 UCL) on the arithmetic mean

concentration for that COPC.

Table C-3. Sail at Depth $1 Ground Surface to 0.5 Meters Below Ground Surface

L Slo

Parameter Maximum | Maximum | USEPA Chemical | Note
Detected | Detected | RSL retained?
Units ug/kg mg/kg mg/kg YN
ND-(Not
Volatile Organic Chemicals detected)
Naphthalene (.55 0.00055 | 3.60E+00 N
Tetrachloroethene 6.9 0.0069 | 5.50E-01 N
Semivoiatile Crganic
Chemicals
No COPCs in this
| group/depth
Organophosphous
Pesticides
No COPCs in this
| group/depth
Organochlorine Pesticides
4,4'-DDD 34.9 0.0349 | 2.00E+00 N
4.4’-DDT 450 0.450 1.70E+00 N
alpha-BHC 0.743 0.000743 | 7.70E-02 N
delta-BHC 0.63 0.00063 | 2.70E-01 N
| gamma-BHC (lindane) 13.5 0.0135 | 5.20E-01 N
Herbicides
No COPCs in this
aroup/depth
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Vetals
No COPCs in this
| group/depth

Dioxin {I-TEQ)
No COPCs in this
group/depth

Note for Table C-3:
All the chemicals presented in Table C-3 for Phase 1 at the $1 depth were eliminated from
consideration as COPCs since they were either considered natural background or detected at
concentrations less than the heaith-based screening concentration for each chemical.

Table C-4. Soil at Depth S2 — 2 to 5 Meters Below Ground Surface

, 4@"‘“‘“@ 5

Parameter Maximum | Maximum | USEPA Chemical | Note
Detected | Detected | RSL retained?

Units ug/kg mg/kg mg/kg Y/N
Volatile Organic ND-(Not
Chemicals detected)
Naphthalene 7660 7.66 3.60E+00 Y
Tetrachioroethene 18000 18 5.50E-01 Y
Semivolatile Organic
Chemicais
No COPCs in this
group/depth
Crganophosphous
Pesticides
No COPCs in this

| group/depth
Organochlorine
Pesticides
4,4-DDD 10700 107 2 D0E+00 Y
4,4'-DDT 2990 2.99 1.70E+00 Y
alpha-BHC 4880 4.88 7.70E-02 Y
delta-BHC - 5360 5,36 2.70E-01 Y

| gamma-BHC (lindane) 163000 163 5.20E-01 Y
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Herbicides

No COPCs in this
| group/depth

Metals

No COPCs in this
group/depth

Dioxin (I-TEQ)

No COPCs in this
group/depth

Note for Table C-4:

The COPCs presented in Table C-4 for Phase | at the $2 depth that were retained for further

evaluation are:

s Naphthalene
Tetrachloroethene
DDD
DDT
alpha-PHC
delta-BHC

gamma-BHC (lindane)

Table C-5. Soil at Depth 3 Just Above the First Pheatic Surface or Direct Push

Technology Refusal

Parameter

Maximum
Detected

Maximum
Detected

USEPA
RSL.

Chemical
retained?

Note

Units

ug/kg

ma/kg

mg/kg

YN

Volatile Qrganic
Chemicals

Naphthalene

8.51

0.00851

3.60E+00

ND-{Not
detected)

=

Tetrachloroethene

52.8

0.0528

5.50E-01

Semivolatile Organic
_Chemicals

No COPCs in this
| group/depth

Organophosphous
Pesticides

No COPCs in this
group/depth
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Organochlorine
Pesticides

4,4'-DDD

147

0.147

2.00E+00

4,4'-DDT

64.3

0.0643

1.70E+00

alpha-BHC

535

0.0535

7.70E-02

delta-BHC

61.3

0.0613

2.70E-01

| gamma-BHC (lindane)

1130

1.13

5.20E-01

< ZZz|z|=

Herbicides

No COPCs in this
| group/depth

Metals

No COPCs in this
group/depth

Dioxin (I-TEQ)

Nc COPCs in this
group/depth

Note for Table C-5;

The only COPC presented in Table C-5 for Phase | that was detected at the S3 level is

gamma-BHC (lindane).

Table C-6. Soil at Depth S4 Just Below the First Phreatic Surface

Ys 6T

Parameter Maximum | Maximum | USEPA Chemical | Note

Detected | Detected | RSL retained?
Units ug/kg mg/kg mg/kg YIN
Volatile Organic ND-{Not
Chemicals detected)
Naphthalene 0.55 0.00055 | 3.60E+00 N
Tetrachloroethene 8.68 0.00868 | 5.50E-01 N
Semivolatile Organic
Chemicals
No COPCs in this
| group/depth
Organophosphous
Pesticides

C-16
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No COPCs in this
group/depth

Organochiorine
Pesticides

4,4'-DDD

1.84

0.001784

2.00E+00

4,4'-DDT

1.98

0.00198

1.70E+00

alpha-BHC

225

0.0225

7.70E-02

delta-BHC

433

0.0433

2.70E-01

gamma-BHC {lindane)

728

0.728

5.20E-01

<|ZI1Z2|Zi=

Herbicides

No COPCs in this
| group/depth

Metals

No COPCs in this
group/depth

Dioxin {I-TEQ)

No COPCs in this
group/depth

Note for Table C-6:

The only COPC presented in Table C-6 for Phase | that was detected at the 54 level is

gamma-BHC (lindane).

Table C-7. Phase i Site Groundwater Resulis

FParameter Maximium | Maximum | USEPA MCL Chemical | Note
Detected Detected | RSL retained?
Unils mg/L ug/L ug/L ug/L YN
Volatile Organic
Chemicals
Tetrachlorcethene 0.211 211 1.1E-01 5 Y
Semivolatitie Organic
Chemicals ng/L
- Y Data from
Area D
0.29 1.4E-01 USACE,
Naphthalene 2011
C-17
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Organochlorine
Pesticides

ng/L

alpha-BHC

69.8

0.0698

1.1E-02

delta-BHC

280

0.29

3.7E-02

<<=

gamma-BHC (lindane)

2726.0

2726

6.1E-02

2.0E-01

Herbicides

No COPCs in this
| group/depth

Metals

No COPCs in this
group/depth

Dioxin (I-TEQ)

No COPCs in this
group/depth

Note for Table C-7:
The COPCs presented in Table C-7 that were detected in the Phase | site groundwater are:

Tetrachloroethene
Naphthalene
alpha-BHC

delta-BHC
gamma-BHC (lindane)

(2) This section contains the data evaluation for the Phase Il data. Tables C-8

and C-9 list the chemicals evaluated for the Phase il site risk assessment that were
included in the analytical suite. These tables compare the maximum detected
concentration for each chemical with its corresponding RSL.

(a) The data were evaluated to compare the site data set to the chemicals

resuiting from the analysis of the analytical blanks. The analysis of analytical blanks is
used to evaluate the possibility that some chemicals in the site data set have resulted
from the analysis and are not related to site activities. Chemicals in the site data set will
be eliminated from further consideration if the concentration in the site data set is at a
concentration less than ten times that found in the analysis of the blank sample.




Table C-8. Phase Il Site Soil Results
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Parameter Maximum | Maximum | USEPA Chemical | Note
Detected | Detected [ RSL retained?
Units ug/kg mg/kg mg/kg YiIN
Volatile Organic
Chemicals
ND ND | 1.90E+00| N |ND-ANot
1,1,1,2-Tetrachicroethane detected)
1,1,1-Trichloroethane ND ND 8.70E+03 N ND
1,1,2,2-Tetrachloroethane ND ND 5.60E-01 N ND
1,1,2-Trichloroethane ND ND 1.10E+00 N ND
1,1-Dichloroethane 3 3.00E=-03 | 3.30E+00 N ND
1,1-Dichloroethene ND ND 2.40E+02 N ND
1,1-Dichicropropene ND ND NA N ND
1,2,3-Trichlorobenzene 89.5 0.95E-02 | 4.90E+01 N <RSL
1,2,3-Trichloropropane ND ND 5.00E-03 N ND
1,2,4-Trichlorobenzene 295 0.295 | 2.20E+01 N <RSL
1,2,4-Trimethylbenzene 22.7 2.27E-02 | 6.20E+01 N <RSL
1,2-Dibromo-3- ND
chloropropane ND ND 5.40E-03 N
1,2-Dibromoethane ND ND 3.40E-02 N ND
1,2-Dichiorohenzene ND ND 1.90E+03 N ND
1,2-Dichloroethane ND ND 4.30E-01 N ND
1,2-Dichloropropane ND ND 9.40E-01 N ND
1,3,5-Trimethylbenzene ND ND 7.80E+02 N ND
1,3-Dichlorochenzene 9.26 9.26E-03 | 2.40E+00 1 N <RSL
1,3-Dichloropropane ND ND 1.60E+03 N ND
1,4-Dichlorobenzene 339 0.339 2.40E+00 N <RSL
2,2-Dichloropropane ND ND NA N ND
2-Butanone (MEK) 28 0.028 | 2.80E+01 N <RSL
2-Chlorotoluene 104 1.04E-02 | 1.60E+03 N <RSiL
2-Hexanone 4.44 4.44E-03 | 210E+02 ) N <RSL
4-Chlorotoluene 19.7 1.97E-02 | 1.60E+03 N <RSL
4-isopropyitoluene ND ND 2.10E+03 N ND
4-Methyi-2-
(Mei&yrisogﬁgﬁggtgie) ND ND 5.30E+03 N ND
Acetone 98.8 9.88E-02 ; 6.10E+04 N <RSL
Benzene 6.69 6.69E-03 | 1.10E+00 N <RSL
Bromobenzene ND ND 3.00E+02 N ND
C-19
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Bromochloromethane ND ND 1.60E+02 N ND
Bromodichloromethane ND ND 2.70E-01 N ND
Bromoform ND ND 6.20E+01 N ND
Bromomethane ND ND 7.30E+00 N ND
Carbon disulfide 6.67 6.67E-03 | 8.20E+02 N <RSL
Carbon tetrachloride ND ND 6.10E-01 N ND
Chiorobenzene 278 0.278 2.90E+02 N <RSL
Chioroethane 10.7 1.07E-02 § 1.50E+01 N ND
Chloroform 26.7 2.67E-02 | 2.90E-01 N <RSL
Chloromethane ND ND 1.20E+02 N ND
cis-1,2-Dichloroethene 558 0.558 1.60E+02 N <RSL
cis-1,3-Dichloropropene ND ND 1.70E+00 N ND
Dibromochloromethane ND ND 6.80E-01 N ND
Dibromomethane ND ND 3.40E-01 N ND
Dichlorodiflucromethane ND ND 9.40E+01 N ND
Ethyl Benzene ND ND 5.40E+00 N ND
Hexachlorobutadiene ND ND 6.20E+00 N ND
:f:‘;’i;gﬁg')benze“e ND ND  |210E+03| N |ND
m,p-Xylene ND ND 6.00E+02 N ND
Methyl iodide 7.92 7.92E-03 | 7.8E+02 N <RSL
Methylene chloride 30.9 3.09E-02 | 1.10E+01 N <RSL
Naphthaiene 2560 2.56E+00 | 3.60E+00 N <RSL
n-Butylbenzene ND ND NA N ND
n-Propylbenzene ND ND 3.40E+03 N ND

| 0-Xylene 187 1.87E-02 | 6.00FE+02 N <RSL
sec-Butyibenzene ND ND NA N ND
Styrene ND ND 6.30E+03 N ND
tert-Butyl methyl ether ND
(MTBE}V y ND ND | 4.30E+01 N
teri-Butylbenzene ND ND NA N ND
Tetrachioroethene 32300 32.3E+00 | 5.50E-01 Y

Toluene 21300 21.3+00 | 5.00E+03 N <RSL
trans-1,2-Dichioroethene 4.37 4.37E-03 | 1.50E+02 N <RSL
‘trans-1,3-Dichloropropene ND ND 1.70E+00 N ND
gans-1,4-D|chIoro-2- ND ND 6.90E-03 N ND

utene
Trichioroethene 587 0.587 2.80E+00 N <RSI
Trichlorofluoromethane ND ND 7.90E+02 N ND
C-20
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Vinyl chioride 56.1 561E-02 | 6.00E-02 N <RSL
Semivolatile Organic
Chemicals
1.2,4-Trichiorobenzene 354 3.54E-02 | 2.20E+01 N <RSL
1,2-Dichlorobenzene ND ND 1.90E+03 N ND
1,3-Dichlorcbenzene ND ND 2.40E+00 N ND
1,4-Dichiorobenzene ND ND 2.40E+00 N ND
2,4,5-Trichlorophenol ND ND 6.10E+03 N ND
2,4,6-Trichlorophenol ND ND 4.40E+01 N ND
2,4-Dichlorophenol ND ND 1.80E+02 N ND
2,4-Dimethylphenol ND ND 1.20E+03 N ND
2. 4-Dinitrotoluene ND ND 1.60E+00 N ND
2,8-Dinitrotoluene ND ND 6.10E+01 N ND
2-Chloronaphthalene ND ND 6.30E+03 N ND
2-Chlorophenol ND ND 3.90E+02 N ND
2-Methylnaphthalene 1450 1.45 3.10E+02 N ~<RSL
2-Methylphenol (Cresol) 30.9 3.09E-02 | 7.50E+03 N <RSL
2-Nitroaniline ND ND 6.10E+02 N ND
2-Nitrophenoi ND ND NA N ND
3 and/or 4-Methylphenol 37.8 3.78E-02 | 7.50E+06 N <RSL
3-Nitroaniiine ND ND 2.40E+01 N ND
4-Bromophenyl phenyl ND
ether ND ND NA N
4-Chloro-3-methylphenol ND ND NA N ND
4-Chloroaniline ND ND 2.40E+00 N ND
4-Chlorophenyl phenyl ND
other ND ND NA N
4-Nitroaniline ND ND 2.40E+01 N ND
4-Nitrophenol ND ND NA N ND
Acenaphthene ND ND 3.40E+03 N ND
Acenaphthylene ND ND NA N ND
Anthracene ND ND 1.70E+04 N ND
Benzo(a)anthracene ND ND 1.50E-01 N ND
Benzo{a)pyrene 56.7 5.67E-02 | 1.50E-02 Y
Benzo(b)fiuoranthene ND ND 3.80E-01 N ND
MNrapped
due to
lack of
734 7.34E-02 NC N toxicologi
cal
criteria
Benzo(g,h,i)perylene (DLTC)
Benzo(k)fluoranthene ND ND 1.50E+00 N ND
C-21
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Bis(2-Chloroethoxy) ND ND 1 BOE+02 N ND
methane
Bis{2-Chloroethyhether ND ND 2.10E-01 N ND
Bis{2-Chloroisopropyl) ND
ether ND ND NA N
Bis(2-Ethylhexyl)phthalate 602 0.602 3.50E+01 N <RSL
Butyl benzyt phthalate ND ND 2.60E+02 N ND
Chrysene ND ND 1.50E+01 N ND
Dibenz{a,h}anthracene ND ND 1.50E-02 N ND
Dibenzofuran 60.2 6.02E-02 | 7.80E+01 N <RSL
Diethyl phthalate ND ND 4.90E+04 N ND
Dimethy! phthalate ND
(Phtha"yc zcid) ND ND  |6.10E+04 N
Di-n-buty! phthalate ND ND 6.10E+03 N ND
Di-n-octy! phthalate ND ND NA N ND
Fluoranthene ND ND 2.30E+03 N ND
Fluorene ND ND 2.30E+03 N ND
Hexachlorobenzene ND ND 3.00E-01 N ND
Hexachiorobutadiene ND ND 6.20E+00 N ND
Hexachlorocyclo ND
ventadions y ND ND | 3.70E+02 N
Hexachloroethane ND ND 3.50E+01 N ND
Indeno{1,2,3-cd)pyrene ND ND 1.50E-01 N ND
Isophorone ND ND 5.10E+02 N ND
Naphthalene 193 0.193 3.60E+00 N <RSL
Nitrobenzene ND ND 4 80E+00 N ND
n-Nitrosodi-n-propylamine ND ND 6.90E-02 N ND
Pentachlorophenol ND ND 8.90E-01 N ND
Phenanthrene ND ND NC N ND
Phenol ND ND 1.80E+04 N ND
Pyrene ND ND 1.70E+03 N ND
Organophosphous
Pesticides
Bolstar ND ND NA N ND
Chlorpyrifos ND ND 1.8E+02 N ND
Coumaphos ND ND NA N ND
Demeton ND ND 2.4 N ND
Dlazlnon ND ND 4.3C4+01 N ND
Dichiorvos ND ND 17 N ND
Dimethoate ND ND 1.2E+01 N ND
Disulfoton ND ND 2.4 N ND
EPN ND ND NA N ND
C-22
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Ethoprop ND ND NA N ND
Ethyi Parathion ND ND NA N ND
Fensulfothion ND ND NA N ND
Fenthion ND ND NA N ND
Malathion ND ND 1.2E+03 N ND
Methy! Azinphos N ND
(Guthion) ND ND NA
Methyl Parathion ND ND 1.5E+01 N ND
Merphos ND ND 1.8 N ND
Mevinphos ND ND NA N ND
Monocrotophos ND ND NA N ND
Naled ND ND 1.2E+02 N ND
Phorate ND ND 1.2E+01 N ND
Ronnel ND ND 3.1E+03 N ND
Sulfotep ND NI NA N ND
Stirophos ND ND 2.0E+01 N ND
TEPP ND ND NA N ND
Tokuthion ND ND NA N ND
Trichloronate ND ND NA N ND
Organochlorine
Pesticides
4,4'-DDD 13500 1.35E+01 | 2.00E+00 Y
4,4'-DDE 2830 2.83E+00 | 1.40E+00 Y
4,4'-DDT 70200 7.02E+01 | 1. 70E+00 Y
Aldrin 9.27 9.27E-03 | 2.90E-02 N <RSL
aipha-BHC 417 4. 17E-01 { 7. 70E-02 Y
alpha-chlordane 78.7 7.87E-02 | 1.60E+00 N <RSL
beta-BHC 112 1.12E-01 | 2.70E-01 N <RSL
Chlordanc ND ND 1.60C+00 N ND
deita-BHC 427 4.27E-01 | 2.70E-01 Y
Dieldrin 336 3.36E-01 : 3.00E-02 Y
Endosulfan | ND ND 3.70E+02 N ND
Endosulfan Il ND ND 3.70E+02 N ND
Endosulfan sulfate ND ND 3.70E+02 N ND
Endrin ND ND 1.80E+01 N ND
Endrin aldehyde ND ND 1.80E+01 N ND
Endrin ketone 2.31 2.31E-03 | 1.80E+01 N <RSL
gamma-BHC {lindane) 13900 1.39E+01 | 5.20E-01 Y
gamma-chiordane 93 9.30E-02 | 1.60E+00 N <RSL
Heptachlor 4 4.0E-03 | 1.10E-01 N <RSL
C-23




HHRA No. 39-DA-0ESM-11, Camp Carroll, Teagu, South Korea, 15 Jun through 16 Aug 11

Heptachlor epoxide 11.1 1A1E-02 | 5.30E-02 N <RSL
Methoxychlor ND ND 3.10E+02 N ND
Toxaphene ND ND 4.40E-01 N ND
Herbicides
2.4,5-T ND 6.1E+02 N ND
2.4.5-TP {Silvex) ND 4.9E+02 N ND
24D ND 6.9E+02 N ND
2,4-DB ND 4.9E+02 N ND
Dicamba ND 1.8E+03 N ND
Metals
Arsenic 56.2 3.90E-01 Y
Barium 132 1.50E+04 N <RSL
Cadmium 1.72 7.00E+01 N <RSL
Chromium 19.8 1.20E+05 N <RSL
Lead 341 4,00E+02 N <RSL
Mercury 0.0341 | 1.00E+01 N <RSL
Selenium 1.48 3.90E+02 N <RSL
Silver 2.34 3.90E+02 N <RSL
Dioxin (I-TEQ)
I-TEQ (TCDD Equivalent) 1.01E-02 | 1.01E-05 | 4.5E-06 Y
Table C-9. Phase I Site Groundwater Results
Parameter Maximium | Maximum | USEPA MCL Chemical | Note
Detected | Detected | RSL retained?
Units mg/L ug/L ug/L ug/L Y/N
Volatile Organic Chemicals
Acetone 1.50£-02 | 1.50E+01 | 2.20E+04 N <RSL
Benzene 8.00E-03 | 8.00E+00 | 4.1E-01 5 Y
2-Butanone (MEK) 7.70E-04 | 7.70E-01 | 7.10FE+03 N <RSL
Carbon disulfide 240E-04 | 2.40E-01 | 1.00E+03 N <RSL
Chlorohenzene 1.50E-02 ; 1.5E+01 9.1E+01 100 N <RSL
Chioroethane 7.90E-03 | 7.90+00 | 21E+4 N <RSL
Chloroform 5.30E-03 | 5.30E+00 | 1.9E-01 80 N <MCL
Chloromethane 3.00E-04 | 3.00E-01 | 1.90E+02 N <RSL
2-Chlorotoluene 1.90E-03 | 1.90E+00 | 7.30E+02 N <RsSL
C-24
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Dieldrin 218E+01 | 2.18E-02 | 3.00E-02 N <RSL

gamma-BHC {lindane) 3.05E+02 | 3.05E-01 | 5.20E-01 N <RSL

Herbicides

Nc COPCs in this

group/depth

Metals

Arsenic 5.62E+01 | 3.9E-01 Y

Dioxin (I-TEQ) 1.01E-05 | 4.5E-06 Y

Note for Table C-12;

The COPCs that were retained at the S3 depth are:

« DDD

« DDT

» Arsenic

o Dioxin (-TEQ)

Table C-13. Soil at Depth S4 Just Below the First Phreatic Surface

Parameter Maximum | Maximum | USEPA Chemical | Note
Detected | Detected | RSL retained?

Units ug/kg mg/kg mg/kg Y/N

Volatile Organic ND-{Not

Chemicals detected)

Tetrachioroethene 4 89E+02 | 4.89E-01 | 5.50E-01 N

Semlivelatiie Organic

Chemicals

Benzo(a)pyrene ND ND 1.5E-02 N ND

Organophosphous

Pesticides

No COPCs in this

| group/depth

Organochlorine

Pesticides

4,4'-DDD 1.20E+02 | 1.28E-01 | 2.00E+00 N <RSL

4,4-DDE 4.28E+00 : 4.28E-03 | 1.40E+00 N <RSL

4,4'-DDT 2.90E+01 | 2.90E-02 | 1.70E+00 N <RSL
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alpha-BHC 1.71E+00 | 1.71E-03 | 7.70E-02 N <RSL
delta-BHC 1.68E+00 | 1.58E-03 | 2.70E-01 N <RSL
Dieldrin ND ND 3.00E-02 N ND
gamma-BHC (lindane) 4.38E+01 | 4.38E-02 | 5.20E-01 N <RSL
Herbicides
No COPCs in this
| group/depth
Metals
Arsenic 2.46E+01 | 3.9E-01 Y
Dioxin (I-TEQ) 2.54E-07 | 4.5E-06 N
Note for Table C-13:
The COPC retained at the $4 depth is arsenic.
Table C-14. Phase || Site Groundwater Results
Parameter Maximium | Maximum | USEPA MCL Chemical | Note
Detected Defected | RSL refained?
Units mg/L ug/L ug/L ug/L YN
Volatile Organic
Chemicals
Benzene 8.00E-03 | 8B.00E+00 | 4.1E-01 5 Y
1,1-Dichloroethane 1.80E-02 | 1.80E+01 | 24E+00 Y
Cis-1,2-Dichloroethene 2.80E-01 | 2.80E+02 | 7.3E+01 7.0E+01 Y
Naphthalene 7.00E-03 | 7.00E+00 | 1.4E-01 Y
Tetrachloroethene 5.90E-01 | 5.90E+02 | 1.1E-01 5 Y
1,2,4-Trichlorobenzene 4.00E-01 | 4.00E+02 | 2.3E+00 70 Y
Trichloroethene 7.43E-01 | 7.43E+02 ; 2.0E+00 5 Y
Vinyl chioride 6.70E-03 | 6.70E+00 | 1.8E-02 2 \'4
Semivoiatile Organic
Chemicals
No COPCs in this
group/depth
Organochiorine
Pesticides
alpha-BHC 5.30E-04 | 5.30E-01 1.1E-02 Y
beta-BHC 7.60E-04 | 7.60E-01 | 3.70E-02 Y
C-31
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delta-BHC

1.10E-03

1.10E+00

3.70E-02

gamma-BHC (lindane)

4.90E-03

4.90E+00

6.1E-02

2.0E-01

Dieldrin

4.40E-04

4.40E-01

4.20E-03

<i<i<

Herbicides

No COPCs in this
. group/depth

Metals

Manganese 6.46E+00 | 6.46E+03 | 8.8E+02 Y

Dioxin {(I-TEQ)

No COPCs in this
group/depth

Note for Table C-14.
The COPCs that were retained in the Phase [l site groundwater are:

Benzene
1,1-Dichloroethane
cis-1,2-Dichloroethene
Naphthalene
Tetrachlorethene
1.2,4-Trichlorobenzene
Trichlorethene

Vinyl chloride
alpha-BHC

beta-BHC

delta-BHC
gamma-BHC

Dieldrin

Manganese

* 9 & & & & & BT " " e e

(3) This section contains the data evaluation for the Phase IIB data. Tables C-15
and C-16 list the chemicals evaluated for the Phase 1B site risk assessment that were
included in the analytical suite. These tables compare the maximum detected
concentration for each chemical with its corresponding RSL.

{a) The data were evaluated {o compare the site data set to the chemicals
resulting from the analysis of the analytical blanks. The analysis of analytical blanks is
used to evaluate the possibility that some chemicals in the site data set have resulted
from the analysis and are not related to site activities. Chemicals in the site data set will
be eliminated from further consideration if the concentration in the site data setis at a
concentration fess than ten times that found in the analysis of the blank sample.
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(b) The frequency of detections was not used to eliminate chemicals from this
data set due to the limited amount of historical analytical data on the site. However,
benzo(ghi)perylene and phenanthracene were eliminated due to a lack of toxicological
criteria.

Table C-15. Phase !B Site Soil Results

2

Parameter Maximum : Maximum | USEPA Chemical | Note
Detected Detected | RSL retained?
Units ug/kg mg/kg mg/kg Y/N
Volatile Organic
Chemicals
ND ND  |1g0E+00| N [ NP-(Not
1,1,1,2-Tetrachloroethane detected)
1,1,1-Trichioroethane ND ND 8.70E+03 N ND
1,1,2,2-Tetrachloroethane ND ND 5.60E-01 N ND
1,1,2-Trichloroethane ND ND 1.10E+00 N ND
1,1-Dichloroethane ND ND 3.30E+00 N ND
1,1-Dichloroethene ND ND 2.40E+02 N ND
1,1-Dichloropropene ND ND NA N ND
1,2,3-Trichlorobenzene ND ND 4.90E+01 N ND
1,2,3-Trichloropropane ND ND 5.00E-03 N ND
1,2,4-Trichlorobenzene ND ND 2.20E+01 N ND
1,2,4-Trimethylbenzene ND ND 6.20E+01 N ND
1,2-Dibromo-3- ND
chloropropane ND NLD 5.40E-03 N
1,2-Dibromoethane ND ND 3.40E-02 N ND
1,2-Dichlorocbenzene ND ND 1.90E+03 N ND
1,2-Dichioroethane ND ND 4.30F-01 N ND
1,2-Dichloropropane ND ND 9.40E-01 N ND
1,3,5-Trimethylbenzene ND ND 7.80E+02 N ND
1,3-Dichlorobenzene ND ND 2.40E+00 N ND
1,3-Dichloropropanc ND ND 1.60E+03 N ND
1,4-Dichlorobenzene ND ND 2.40E+00 N ND
2,2-Dichloropropane ND ND NA N ND
2-Butanone (MEK) 25.1 2.51E-02 | 2.80E+04 N <RSL
2-Chiorotoluene 23.3 2.33E-02 | 1.60E+03 N <RSL
2-Hexanone ND ND 2.10E+02 N ND
4-Chlorotoluene 52 5.2E-02 | 1.60E+03 N <RSI
C-33 @
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4-lsopropyltoiuene ND ND 2.10E+03 N ND
4-Methyl-2-pentancne

(Methy?isobputyi ketong) ND ND 5.30E+03 N ND
Acetone 108 1.08E-01 | 6.10E+04 N <RSL
Benzene ND ND 1.10E+00 N ND
Bromobenzene ND ND 3.00E+02 N ND
Bromeochlcromethane ND ND 1.60E+02 N ND
Bromodichloromethane ND ND 2.70E-01 N ND
Bromoform ND ND 8.20E+01 N ND
Bromomethane ND ND 7.30E+00 N ND
Carhon disulfide 0.978 9.76£-04 | 8.20E+02 N <RSL
Carbon tetrachloride ND ND 6.10E-01 N ND
Chlorobenzene ND ND 2.90E+02 N ND
Chloroethane ND ND 1.50E+01 N ND
Chloroform 2.25 2.25E-03 | 2.90E-01 N <RSL
Chioromethane ND ND 1.20E+02 N ND
cis-1,2-Dichloroethene 116 1.16E-01 | 1.60E+02 N <RSL
cis-1,3-Dichloropropene ND ND 1.70E+00 N ND
Dibromochloromethane ND ND 6.80E-01 N ND
Dibromomethane ND ND 3.40E-01 N ND
Dichiorodifluoromethane ND ND 9.40E+01 N ND
Ethyl Benzene ND ND 5.40E+00 N ND
Hexachlorobutadiene ND ND 6.20E+00 N ND
(epropy benzene ND ND |210E+03] N [N
m,p-Xylene ND ND 6.00E+02 N ND
Methyl iodide 5.23 5.23E-03 | 7.8E+02 N <RSL
Methylene chloride 38.2 3.82£-02 | 1.10E+01 N <RSL
Naphthalene 17 1.70E-02 | 3.60E+00 N <RSL
n-Butylbenzene ND ND NA N ND
n-Propylbenzene ND ND 3.40E+03 N ND
o-Xylene ND ND 6.00E+02 N ND
sec-Butylbenzene ND ND NA N ND
Styrene ND ND 8.30E+03 N ND
:;{qr_:_BBén}lyl muthyl ether ND ND 4 30E+01 N ND
tert-Butylbenzene ND ND NA N ND
Tetrachloroethene 27.5 2.75E-02 | 5.50E-01 N <RSL
Toluene 2960 2.96E+00 | 5.00E+03 N <RSL
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trans-1,2-Dichloroethene ND ND 1.50E+02 N ND
trans-1,3-Dichloropropene ND ND 1.70E+00 N ND
trans-1,4-Dichloro-2- ND ND 6.90E-03 N ND
butene

Trichlorcethene 81.3 8.13E-02 | 2.80E+00 N <RSL
Trichlorofluoromethane ND ND 7.90E+02 N ND
Vinyl chloride ND ND 6.00E-02 N ND
Semivoiatile Organic

Chemicals

1,2,4-Trichlorobenzene 284 2.84E-02 | 2.20E+01 N <RSL
1,2-Dichlorobenzene ND ND 1.90E+03 N ND
1,3-Dichlorcbenzene ND ND 2.40E+00 N ND
1,4-Dichlorobenzene ND ND 2.40E+00 N ND
2,4,5-Trichlorophenol 41.1 4.11E-02 | 6.10E+03 N <RSL
2,4,6-Trichlorophenol 37.9 3.79E-02 | 4 40E+D1 N <RSL
2,4-Dichlorophenol 31.6 3.16E-02 | 1.80E+02 N <RSL
2,4-Dimethylphenol 31.6 3.16E-02 | 1.20E+03 N <RSL
2,4-Dinitrotoluene 34.7 3.47E-02 | 1.60E+00 N <RSL
2,6-Dinitrotoluene 44.2 4.42E-02 | 6.10E+01 N <RSL
2-Chloronaphthalene 34.7 3.47E-02 | 6.30E+03 N <RSL
2-Chlorophenoi 31.6 3.16E-02 | 3.90E+02 N <RS8L
2-Methylnaphthalene 34.7 3.47E-02 | 3.10E+D2 N <RSL
2-Methyiphenol (Cresol) 31.6 3.16E-02 | 7.50E+03 N <RSL
2-Nitroaniline 347 347E-02 | 6.10E+D2 N <RSL
2-Nitrophenol ND ND NA N ND

3 and/or 4-Methylphenol 82.1 8.21E-02 | 7.50E+06 N <RSL
3-Nitroaniline 28.4 2.84E-02 | 2.40E+01 N <RSL
:;Eerfmophenyl phenyl 44.2 4.42E-02 NC N DLTC
4-Chloro-3-methylphenol 47 .4 4.74E-02 | 61.0E+02 N <RSL
4-Chlorcaniline 37.9 3.79E-02 | 2.40E+00 N <RSL
:;gg:orophenyl phenyl 56.8 5 68E-02 NG N DLTC
4-Nitroaniline 41.1 4.11E-02 | 2.40E+01 N <RSL
4-Nitrophenol ND ND NA N ND
Acenaphthene 442 4.42E-02 | 3.40E+03 N <RSL
Acenaphthylene 47.4 4.74E-02 | 3.60E+00 N <RSL
Anthracene 50.5 5.05E-02 | 1.70E+04 N <REL
Benzo(a)anthracene 53.7 537E-02 | 1.50E-01 N <RS5L
Benzo(a)pyrene 537 5.37E-02 | 1.50E-02 Y
Benzo(b)fluoranthene 56.8 5.68E-02 | 3.80E-01 N <RSL
Benzo(g,h,i}perylene 53.7 5.37E-02 NC N DLTC
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Benzo{k)fluoranthene 63.2 6.32E-02 | 1.50E+00 N <RSL
Bis(2- <RSL
Chlgroethoxy)methane 316 | 3.16E-02 | 1.80E+02 | N
Bis(2-Chioroethyllether ND ND 2.10E-01 N ND
Bis(2- ND
Chioroisopropyi)ether ND ND NA N
Bis{2-Ethylhexyl)phthalate 708 7.08E-01 | 3.50E+01 N <RSL
Butyl benzyi phthalaie 60 6.0E-02 | 2.60E+02 N <RSL
Chrysene 56.8 5.68E-02 [ 1.50E+01 N <RSL
Dibenz(a,h)anthracene 47.4 4.74E-02 | 1.50E-02 Y
Dibenzofuran 47.4 4.74E-02 | 7.80E+01 N <RS8L
Diethyl phthalate 56.8 5.68E-02 | 4.90E+04 N <RSL
Dimethy! phthalate <RSL
(Phthalic Acid) 537 | 937E02 16.10E+04) N
Di-n-butyl phthalate 63.2 6.32E-02 | 6.10E+03 N <RSL
Di-n-octyl phthalate 63.2 | 6.32E-02 | 6.10E+03 N <RSL
Flucranthene 56.8 5.68E-02 | 2.30E+03 N <RSL
Fluorene 33.7 5.37E-02 | 2.30E+03 N <RSL
Hexachlorobenzene 442 4.42E-02 | 3.00E-01 N <RSL
Hexachlorobutadiene ND ND 6.20E+00 N ND
Hexachlorocyclo ND
pentadion y ND ND | 3.70E+02 N
Hexachloroethane ND ND 3.50E+(1 N ND
Indeno{1,2,3-cd)pyrene 50.5 5.06E-02 | 1.50E-01 N <RSL
Isophorone ND ND 5.10E+02 N ND
Naphthalene 284 2.84E-02 | 3.60E+00 N <RSL
Nitrobenzene ND ND 4.80E+00 N ND
n-Nitresodi-n-propylamine ND ND 6.90E-02 N ND
Pentachlorophenol 68 6.80E-02 | 8.90E-01 N <RSL
Phenanthrene 50.5 5.05E-02 NC N DLTC
Phenol ND ND 1.80E+04 N ND
Pyrene 537 537E-02 | 1.70E+03 N <RSkL
Organophosphous
Pesticides
Bolstar ND ND NA N ND
Chlorpyrifos ND ND 1.8E+02 N ND
Coumaphos ND ND NA N ND
Demeton ND ND 24 N ND
Diazinon ND ND 4.3E+01 N ND
Dichiorvos ND ND 1.7 N ND
Dimethoate ND ND 1.2E+01 N ND
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Disulfoton ND ND 24 N ND
EPN ND ND NA N ND
Ethoprop ND ND NA N ND
Ethyl Parathion ND ND NA N ND
Fensulfothion ND ND NA N ND
Fenthion ND ND NA N ND
Malathion ND ND 1.2E+03 N ND
Methyl Azinphos ND
(Guti?ion} P ND ND NA N
Methy! Parathion ND ND 1.5E+01 N ND
Merphos ND ND 1.8 N ND
Mevinphos ND ND NA N ND
Monocrotophos ND ND NA N ND
Naled ND ND 1.2E+02 N ND
Phorate ND ND 1.2E+01 N ND
Ronnel ND ND 3.1E+03 N ND
Sulfotep ND ND NA N ND
Stirophos ND ND 2.0E+01 N ND
TEPP ND ND NA N ND
Tokuthicn ND ND NA N ND
Trichloronate ND ND NA N ND
Organochiorine
Pesticides
4,4'-DDD 4560 4.56 2.00E+00 Y
4,4'-DDE 50.4 0.0504 | 1.40E+Q0 N <RSL
4,4'-DDT 20000 20 1.70E+00 Y
Aldrin ND ND 2.90E-02 N ND
alpha-BHC ND ND 7.70E-02 N ND
alpha-chlordane 0.607 8.07E-04 | 1.60E+00 N <RSL
heta-BHC ND ND 2.70E-01 N ND
Chlordane ND ND 1.60E+00 N ND
delta-BHC 1.29 1.29E-03 | 2.70E-01 N <RSL
Dieldrin 3.24 3.24E-03 | 3.00E-02 N <RSL
Endosulifan | ND ND 3.70E+02 N ND
Endosulfan |l ND ND 3.70E+02 N ND
Endosulfan sulfate ND ND 3./0E+02 N ND
Endrin ND ND 1.80E+01 N ND
Endrin aldehyde ND ND 1.80E+01 N ND
Endrin ketone ND ND 1.80E+01 N ND
gamma-BHC (lindane) 12.6 1.26E-02 | 5.20E-01 N <RSL
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gamma-chiordane 0.709 7.09E-04 { 1.60E+00 N <RSL
Heptachlor ND ND 1.10E-01 N ND
Heptachlor epoxide ND ND 5.30E-02 N ND
Methoxychlor ND ND 3.10E+02 N ND
Toxaphene ND ND 4.40E-01 N ND
Herbicides
2,4,5-T ND 6.1E+02 N ND
2,4,5-TP (Siivex) ND 4 9E+02 N ND
2,4'-D ND 6.9E+02 N ND
2,4-DB ND 4.9E+02 N ND
Dicamba ND 1.8E+03 N ND
Metals
Arsenic 308 3.90E-01 Y
Barium 143 1.50E+04 N <RSL
Cadmium 1.69 7.00E+01 N <RSL
Chromium 15.4 1.20E+05 N <RSL
Lead 34.7 4.00E+02 N <RSL
Mercury 0.0196 | 1.00E+01 N <RSL
Selenium 1.69 3.90E+02 N <RSL
Silver 0.613 3.90E+02 N <RSL
Dioxin (I-TEQ)
I-TEQ (TCDD Equivalent) 1.21E-03 | 1.21E-06 | 4.5E-06 N <RSL
Table C-16. Phase IB Site Groundwater Resuits
Parameter Maximium | Maximum | USEPA MCL Chemical | Note
Detected | Detected | RSL retained?
Units mg/L ug/L ug/L ug/L Y/N
Volatile Organic
Chemicals -
Acetone 3.40E-03 | 3.40E+00 | 2.20E+04 N <RSlL.
Benzene N 1.10E-02 | 1.10E+01 | 4.1E-01 5 Y
2-Butanone (MEK) 6.00F-04 | 68.00E-01 | 7.10E+03 N <RSI.
Carbon disulfide ND ND 1.00E+03 N ND
Chlorobenzene 5.40E-03 | 540E+00 | 9.1E+01 100 N <RSL
Chloroethane 4.40E-03 | 440E+00 | 2.1E+4 N <RSL
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Chioroform 8.60E-04 | 8.60E-01 | 1.9E-01 80 N <MCL
Chloromethane ND ND 1.90E+02 N ND
2.Chlorotoluene 1.90E-02 | 1.90E+01 | 7.30E+02 N <RSL
4-Chlorotoluene 7.00E-04 7.00E-01 | 7.30E+02 N <RSL
1,2-Dichlorobenzene ND ND 3.70E+02 | 800 N ND
1,3-Dichiorobenzene ND ND 4.30E-01 75 N ND
1,4-Dichlorobenzene 2.90E-04 | 2.90E-01 | 4.30E-01 75 N <RSL
Dichlorodifluocromethane ND ND 2.00E+02 N ND
1,1-Dichloroethane 1.20E-02 | 1.20E+01 | 2 40E+00 Y
1,2-Dichloroethane 9.80E-04 | 9.80E-01 | 1.50E-01 5 N <MCL
cis-1,2-Dichloroethene 1.35E+00 | 1.35E+03 | 7.30E+01 70 Y
trans-1,2-Dichloroethene 4.20E-02 | 4.20E+01 | 1.10E+02 100 N <RSL
1,1-Dichloroethene 4 70E-03 | 4.70E+00 | 3.40E+02 7 N <RSL
1,2-Dichloropropane ND ND 3 90FE-01 5 N ND
Ethyibenzene 3.20E-04 | 3.20E-01 | 1.5E100 700 N <RSL
Isopropyibenzene ND ND 6.80E+02 N ND
{Cumene)
p-lsopropyltoluene ND ND 7.30E+02 N ND
Methylene chloride 3.40FE-03 | 3.40E+00 | 4.80E+00 5 N <RSL
Naphthaiene 7.00E-03 | 7.00E+00 | 1.40E-01 Y
Tetrachioroethene 1.80E-01 | 1.80E+02 | 1.10E-01 5 Y
Toluene 4.90E-02 | 4.90E+01 ! 2.30E+03 | 1000 N <RSL
1,2,3-Trichlorobenzene ND ND | 2.90E+01 N ND
1,2,4-Trichlorobenzene 1.15E-03 | 1.15E+00 | 2.30E+00 70 N <RSL
1,1,1-Trichloroethane ND ND | 9.10E+03 200 N ND
Trichloroethene 210E-01 | 2.10E+02 | 2.00E+00 5 Y
Trichlerofluoromethane ND ND | 1.30E+03 N ND
1,2,4-Trimethylbenzene 3.20E-04 | 3.20E-01 | 1.50E+01 N <RSL
1,3,5-Trimethylbenzene ND ND | 3.70E+02 N ND
Vinyl chloride 5.70E-02 | 5.70E+01 | 1.80E-02 2 Y
m,p-Xylene 9.00E-04 | 9.00BE-01 | 2.0E+02 | 1.0E+D4 N <RSL
o-Xylene 8.70E-04 | 8.70E-01 | 2.0E+02 | 1.0E+04 N <RSL
o Seneeronne
4,4'-DDD 7.0E-07 7.0E-04 | 2.8E-01 N <RSL
4,4'-DDE 6.0E-07 6.0E-04 2.0E-01 N <RSL
4,4'-DDT 2.3E-06 2.3E-03 | 2.0E-01 N <RSL
alpha-BHC 1.40E-04 | 1.40E-01 1.1£-02 Y
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alpha-chlordane ND ND 1.9E-01 2 N ND
beta-BHC 5.30E-04 | 530E-01 | 3.7E-02 Y
delta-BHC 2.40E-05 | 240E-02 | 3.7E-02 N <RSL
Dieldrin 4 80E-05 | 4.80E-02 | 4.20E-03 Y
Endosulfan | 8.0E-07 6.0E-04 | 2.2F+02 N <RS8L
Endosulfan Sulfate ND ND 2.20E+02 N ND
Endrin ND ND 1.1E+01 2 N ND
Endrin ketone ND ND 1.1E+01 2 N ND
' gamma-BHC (lindane) 6.90E-05 | 6.90E-02 | 6.1E-02 | 2.0E-01 N <MCL
gamma-chlordane ND ND 1.9E-01 2 N ND
Heptachior 3.10E-05 | 3.10E-02 | 1.5E-02 0.4 N <MCL
Heptachlor epoxide 1.90E-05 | 1.90E-02 | 7.4E-03 0.2 N <MCL
Herbicides
2,4.5-T ND 37E+02 - N ND
2,4'-D ND 3.7E+02 70 N |NP
Metals mg/L
Aluminum 0.52 520 3.7E+04 - N <RSL
Barium 0.18 190 7.3E+03 2000 N <RSL
Boron 0.01 10 7.3E+03 - N <RSL
Iron 0.11 110 2.6E+04 - N <RSL
Manganese 0.299 299 8.8E+02 - N <RSL
Zinc 0.014 14 1.1E+04 - N <RSL
Dioxin {I-TEQ)
I-TEQ (TCDD Equivalent) 1.0E-09 | 5.2E-07 | 3.0E-05 N <RSL

(c} Soil has a natural concentration of certain chemicals (background). While

there is some differing opinions as to whether anthropogenic chemicals (those released
into the environment by man but not by the operation/site under evaluation (i.e.,
chemicals released in vehicle exhaust from a highway near the site)) should be included
in the evaluation, most environmental professionals will agree that concentrations from
the natural constituent of the soil should not be considered in evaluating the health
effects from exposure to a site. As stated in the Phase [ sample discussion, most of the
chemicals affected by this issue belong to the metals group. At this site, arsenic is at a
conhcentration high enough to be retained for further evaluation if it is also higher than
the region's background concentration for that chemical. While the evaiuation of the
total collection of data for this site has a maximum arsenic concentration that is both
higher than the screening level and higher than background, some of the arsenic
concentrations at individual depths can be considered natural arsenic and deleted from
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further consideration for that depth. Natural arsenic has been evaluated in the general
area of Camp Carroll (Jung et al., 2002; Kim et al., 2011). Jung et.al. reported that
control soil samples contained a range of 5.1-25.3 mg/kg arsenic while Kim et.al.
reported that the natural soils in Korea can have arsenic concentrations that range from

8.8-387 mg/kg.

(d} After eliminating nonsite-related chemicals from the risk assessment, the data
was divided by depth (Tables C-17 through C-21). EPCs were calculated as the 95"
UCI. on the arithmetic mean concentration for that COPC.

Table C-17. Soil at Depth $1 Ground Surface to 0.5 Meters Below Ground Surface

Parameter

Maximum
Detected

Maximum
Detected

USEPA
RSL

Chemical
retained?

Note

Units

ugrkg

mg/kg

mg/kg

Y/N

Volatile Organic
Chemicals

ND-{Not
detected)

No COPCs in this
. group/depth

Semivolatile Organic
Chemicals

Benzo(a)pyrene

ND

ND

1.5E-02

=

ND

Dibenz{a,h)anthracene

ND

ND

1.5£-02

ND

Organophosphous
Pesticides

No COPCs in this
group/depth

Organochlorine
Pesticides

4,4'-DDD

12.8

1.28E-02

2.00E+00

<RSL

4,4'-DDT

68.4

6.84E-02

1.70E+00

<RSL

Herbicides

Ne CORCs in this
group/depth
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Metals

Arsenic

308

3.90E-01

Dioxin (I-TEQ)

No COPCs in this
| group/depth

Note for Table C-17:

The only COPC presented in Table C-17 for Phase |1B that was detected at the S1 level is

arsenic.

Table C-18. Soil at Depth 52 ~ 2 to 5 Meters Below Ground Surface

Parameter

Maximum
Detected

Maximum
Detected

USEPA
RSL

Chemical
retained?

Note

Units

ug/kg

mg/kg

mg/kg

YIN

Volatiie Organic
Chemicals

ND-(Not
detected)

No COPCs in this
group/depth

Semivolatile Organic
Chemicals

Benzo(a)pyrene

N[

NI

1.5E-02

=

ND

Dibenz{a,h)anthracene

ND

ND

1.5E-02

=z

ND

Organophosphous
Pesticides

No COPCs in this
| group/depth

Organochlorine
Pesticides

4,4-DDD

4560

4.56E+00

2.00E+00

4,4'-DDT

20000

2.00E+01

1.70F+00

Herbicides

No COPCs in this
group/depth
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Metals

Arsenic

40.1

3.90E-01

Dioxin (I-TEQ)

No COPCs in this
groupidepth

Note for Table C-18:

The COPCs that were retained at the 52 depth are:

» DDD
o DDT
» Arsenic

Table C-18. Soil at Depth S3 Just Above the First Pheatic Surface or Direct Push
Technology Refusal

Parameter

Maximum
Detected

Maximum
Detected

USEPA
RSL

Chemical
retained?

Note

Units

ug/kg

mg/kg

mg/kg

YN

Volatile Organic
Chemicals

ND-(Not
detected)

No COPCs in this
group/depth

Semivolatile Organic
Chemicals

Benzo{a)pyrene

53.7

5.37E-02

1.5E-02

Dibenz{a,h}anthracene

47 4

4.74E-02

1.5E-02

Organophosphous
Pesticides

No COPCs in this
group/depth

Organochliorine
Pesticides

4,4'-DDD

23.8

2.38E-02

2.00E+00

<RSL

4,4-DDT

129

1.29E-01

1.70E+00

<RSL

Herbicides

No COPCs in this
| group/depth
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Metals

Deleted due
10.1 3.90E-01 Y to background

Arsenic concentration

Dioxin (--TEQ)

No COPCs in this
group/depth

Note for Table C-19:
The COPCs that were retained at the $3 depth are:

* Benzo(a) pyrene
+« Dibenz(ah)anthracene

Table C-20. Soil at Depth S4 Just Below the First Phreatic Surface

Parameter Maximur | Maximum | USEPA Chemical | Note
Detected Detected | RSL retained?

Units ug/kg mg/kg mg/kg YIN

Volatile Organic ND-(Not
Chemicals detected)

No COPCs in this
group/depth

Semivolatile Organic
Chemicals

=z

Benzo{a)pyrene ND ND 1.5E-02 ND

Dibenz{a,h)anthracene ND ND 1.5E-02 N ND

Organophosphous
Pesticides

No COPCs in this
| group/depth

Organochlorine
Pesticides

4,4'-DDD 207 | 2.07E-01 | 2.00E+00 N <RSL
4,4 -DDT 1220 | 1.22E+00 | 1.70E+00 N <RSL
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Herbicides

No COPCs in this
group/depth

Metals

Arsenic

4.46 3.90E-01

Deleted due
fo background
concentration

Dioxin (I-TEQ)

No COPCs in this
group/depth

Note for Table C-20:

All the chemicals detected at this depth were eliminated from consideration as chemicals of
potential concern since they either were considered natural background or they were detected
at concentrations less than the health-based screening concentration for each chemical.

Table C-21. Phase |IB Site Groundwater Results

Parameter Maximium | Maximum | USEPA MCL Chemical | Note
Detected | Detected | RSL retained?

Units mg/L ug/L ug/L ug/L Y/N

Volatile Organic

Chemicals

Benzene 1.10E-02 | 1.10E+01 | 4.1E-01 5 Y

1,1-Dichlorethane 1.20E-02 | 1.20E+01 | 2.40E+00 Y

Cis-1,2-Dichloroethene 1.35E+00 | 1.35E+03 | 7.30E+01 70 %

Naphthalene 7.00E-03 | 7.00E+00 | 1.40E-01 Y

Tetrachloroethene 1.60E-01 | 1.60E+02 | 1.10E-01 5 Y

Trichloroethene 2.10E-01 | 2.10E+02 | 2.00E+00 5 Y

Vinyl chloride 5.70E-02 | 5.70E+01 1.60E-02 2 Y

Semi Volatile Organic

Chemicals

No COPCs in Lhis

group/depth

Organochlorine

Pesticides

alpha-BHC 1.40E-04 | 1.40E-01 1.1E-02 Y
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beta-BHC 5.30E-04 | 5.30E-01 ;| 3.7E-02 Y

Dieldrin 4.80E-05 | 4.80E-02 | 4.20E-03 Y

Herbicides

No COPCs in this
group/depth

Metals

No COPCs in this
| group/depth

Dioxin (I-TEQ)

No COPCs in this
__group/depth

Note for Table C-21:
The COPCs that were retained in the Phase 1B site groundwater are:

* & & 9 2 o = & @

Benzene
1,1-Dichicroethane
Cis-1,2-Dichloroethene
Tetrachloroethene
Trichioroethene

Viny! chloride
Naphthalene
alpha-BHC

beta-BHC

Dieldrin

C-4. EXPOSURE ASSESSMENT.

a. Qverview and Characterization of Exposure Setting.

(1) The objective of the exposure assessment is to estimate the type and
magnitude of exposures to the COPCs that are present at or migrating from the site.
This component of the risk assessment can be performed either qualitatively or
quantitatively. Quantitative assessment is preterred when toxicity factors necessary to
characterize a COPC are avaijlable.

(2) The exposure assessment consists of three steps (USEPA, 1989):

{a) Characterize Exposure Settings. This step contains general information
concerning the physical characteristics of the site as it pertains to potential
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considerations affecting exposure. The physical setting involves climate and
vegetation. All potentially exposed populations and subpopulations, therein (receptors),
are assessed relative to their potential for exposure. This step is a qualitative one
aimed at providing a general site perspective and offering insight on the surrounding
population.

(b) !dentify Exposure Pathways. All exposure pathways (ways in which receptors
can be exposed to chemicals that originate from the source) are reviewed in this step.
Exposure points of human contact and exposure routes are discussed before
quantifying the exposure pathways in the next step.

(c) Quantify Exposure. In this final step, the exposure levels (COPC intakes) are
calculated for each exposure pathway and receptor. These calculations follow EPA
guidance for assumptions of intake variables or exposure factors for each exposure

pathway.

b, Land Use and Potentially Exposed Populations.

(1) Land Use. The three sites evaluated in this document were suspected of
being used for burial of containers of Herbicide Orange and other chemicals in the
1960s and 1970s. These sites have had various names over the years but will be
referred to as: the west side of the Helipads (Phase {); the east side of the Helipads
(Phase 1iB); and the Land Farm/Area D site (Phase [i). While some documentation can
be found for the burial of materials at the Land Farm/Area D site, no documentation
could be found for the other fwo sites and no documentation could be found on the
burial of containers of Herbicide Orange on Camp Carroll. The earliest documentation
found was a Comprehensive Environmental Engineering Survey performed in 1974
(USAPACEHEA, 1975). Volume IV which dealt with solid and hazardous waste
handling, stated that "Political, economical, and topographical restraints have
contributed to the delay of disposing [of] the chemicals” referring to a stock of Code H
chemicals (solvents, acids, bases, and pesticides) some of which were in deteriorating
containers. The report contained a listing of some of the chemical that were
geographically co-located in goupings. None of the inventories of the groups showed
the existence of Herbicide Orange or any other herbicide. Volume Il (USAPACEHEA,
1975) addressed the entomological services and the handling of pesticides. This
volume stated that “No unauthorized pesticides were found in the storage area.” This is
significant since Herbicide Orange was considered a weapon and not authorized for use
in general weed confrol. Had Herbicide Orange been found in pesticide storage, it
would have been a major find and most likely noted in the repoart. In June 1983, a
Waste Management Practice Survey (USAPACEHEA, 1983) outlined the handling of
wastes. At the time, hazardous waste was handled by a contract through the Defense
Property Disposal Office. However, a January 1983 Hazardous Materials Special Study

{5
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Memorandum for Record (USAPACEHEA, 1982 and 1983) discussed the unauthorized
burial of chemical products from Area 41 in Area D in March 1978. Confirmation of the
unauthorized burial occurred on 16 February 1979 and a decision was made on the
same date to remove, re-containerize, and properly dispose of the buried material. As a
result, it was reported that approximately 6100 cubic feet of 188 types of various
materials weighing between 40 and 100 tons were removed from the Area D burial site
from November 1879 to January 1980 (USAPACEHEA, 1982). The excavated material
was stored in a diked storage area awaiting appropriate containers. Recontainerization
occurred between May and August 1980. No documentation could be found disclosing
the location or timing of the final disposal. The current uses of the sites are as a
helicopter airfield and open space.

(2) Potentially Exposed Populations. For purposes of this risk assessment, five
potentially exposed populations are considered. While the use of this site is not
proposed for change in the foreseeable future, it is important to consider the potential
current users as well as potential future users. As such, the risk assessment will
evaluate the following hypothetical receptors: an industrial worker to model exXposures
to personnel working in buildings surrounding the airfield; a utifity/maintenance worker
to model exposures to personnel that repair/install utility lines and those who maintain
the grounds of the airfield and the Land Farm/Area D; a construction worker to model
exposures to people involved in current or future construction; a training Soldier to
model exposures to personnel involved in field training exercises including intrusive
activities (e.g., digging foxholes and combat construction): and an adult resident {for
comparison only) to address the concerns for exposure following future residential
construction whether from BRAC actions or post expansion.

c. ldentification of Exposure Pathways.

(1) Exposure Estimates. Exposures are only estimated for plausible compieted
exposure pathways. A completed exposure pathway has the following four elements. A
pathway cannot be completed unless each of the following elements is present:

(a) A source and mechanism for chemical release.

{b) An environmental transport medium.

(c) An exposure point.

(d) A feasible route of exposure lo a human receptor.
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(2) Sources and Receiving Media.

(a) The chemical sources for this site are the releases from deteriorating of the
alleged buried containers and more recent disposal operations in the Land Farm/Area D
site. We are also concerned about the potential release of chemicals from the operation
of the airfield and the migration of chemicals from the operation of the Land Farm/

Area D site. The sources that contribute to the chemical nature of the soil and
groundwater are discussed in the site reports (USEPA, 1989; USACE 1992 and 2004)
and will not be duplicated here.

(b) This project does not attempt to characterize the source or the
transformations which may occur during transport from the source to the receptors.
Measurements were made at or near the receptor's anticipated points of exposure to
estimate the type and dose of the chemicals acting upon the receptor. Thus, no
determination of the chemical transformations is necessary. Samples collected near or
at the suspected source locations were made to attempt to identify the source(s) that
contribute most to the receptor's risk.

(3) Exposure Routes. Exposure routes are the means by which a human
potentially contacts COPCs. In general, these include inhalation, ingestion, and dermal
contact. This assessment considers all three routes in respect to exposure to the
anticipated exposure media.

(4) Pathways Not Evaluated. Due to the nature of the anticipated contamination
at these sites, a number of pathways could be eliminated, Since no surface water or
sediment exists on this site, these pathways were eliminated.

(5) Complete Pathways. Groundwater and subsurface soil is only considered a
media of concern for receptors that perform intrusive actions. Surface soil is considered
a media of concern for ali receptors. While drinking water in this area is provided from a
municipal source which derives its water from deeper wells onpost, it is aiso considered
a media of concern. Data for this drinking water pathway is derived from the analyses
of the drinking water system and not extrapolated from groundwater resuits. Vapor
intrusion into buildings is evaluated for volatile COPCs in the groundwater for receptors
that are iocated in buildings.

d. Quantification of Exposure.

(1) In this sectlon, each receptor's polential exposures to the COPCs are
quantified tor each of the complete exposure pathways. In each case, the exposures
are calculated following methods recommended in USEPA guidance documents such
as the Risk Assessment Guidance for Superfund (USEPA, 1989). These calculations
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generally involve two steps. First, representative chemical concentrations in the
environment, or EPCs, are determined for each pathway and receptor. From these
EPC values, the amount of chemical, which an exposed person may take into his/her
body, is then calculated. This value is referred to as the human intake. This section
describes the exposure scenarios, exposure assumptions, and exposure calculation
methods used in this risk assessment.

(2) Risk assessment as a whole and the exposure assessment step in particular
are designed to be health protective. The exposure calculations require estimates and
assumptions about certain human exposure parameters, such as ingestion rates.
Generally, values are selected which tend to overestimate exposure (USEPA, 1989,
1991, 1997 and 2004). The USEPA recommends two types of exposure estimates
should be used for Superfund type risk assessments: a reasonable maximum exposure
(RME) and central tendency exposure (CT). The RME is defined as the highest
exposure that could reasonably be expected to occur for a given exposure pathway at a
site and is intended to account for both uncertainty in the chemical concentration and
variability in the exposure parameters (such as, exposure frequency or averaging time).
The CT may be evaluated for comparison purposes and is generaily based on mean
exposure parameters, but is considered optional to making decisions about health
effects. As such, only RME scenarios have been evaluated in this risk assessment. In
RME scenarios, the 95" UCL of the mean is calculated for each COPC as the EPC.
Should the 95™ UCL exceed the maximum detected concentration for any chemical in
any media, the maximum detected concentration is used as the EPC for that media.
Media concentrations that were reported as nondetected were added into the 95 UCL
calculation as one-half the detection limit. The higher concentration of the duplicate
sample was used in the 95" UCL calculation to provide a more conservative (health

protective) evaluation.

v

(3) Estimates of pathway-specific human intakes for each COPC involve
assumptions about patterns of human exposure to the media being evaluated. These
assumptions are integrated with the EPCs to calculate intakes. Intakes are normally
expressed as the amount of chemical at the environment-human receptor exchange
boundary in milligrams per kilogram of body weight per day (mg/kg-day), which
represents an exposure normalized for body weight over time. The total exposure is
divided by the time period of interest to obtain an average exposure. The averaging
time is a function of the health endpoint. For noncarcinogenic effects, it is the exposure
time (specific to the scenario being assessed) and for carcinogenic effects, it is the
receptor's assumed lifetime (70 years).
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e. Exposure Assumptions.

(1) Animportant aspect of the exposure assessment is the determination of
assumptions regarding how receptors may be exposed to chemicals. The USEPA
guidance on exposure factors is extensive and was followed throughout this exposure
assessment. Standard scenario default assumptions were used where appropriate.

(2) The exposure scenarios in this assessment consist of an industrial worker, a
utility/grounds maintenance worker, a construction worker, a training Soldier, and an
adult resident receptor. The exposure assumptions used in these scenarios are
intended to approximate the frequency, duration, and manner in which a receptor would
be exposed to environmental media. However, each parameter tends to have a safety
factor imbedded into its determination such that they tend to overestimate exposure
and, therefore, risk. Details of the exposure assumptions and parameters for each
exposure scenario are shown in Table C~22.

f. Exposure Scenarios.

(1) Industrial Worker. These receptors spend each day of work at the site (5
days/week for 50 weeks, RME). This exposure period lasts for 25 years. At the
recommendation of the USEPA, we are using a value of 5800 cm? for the dermal
exposure. This approximates the 95" percentile for the exposure of 25 percent of the
body surface area.

(2) Utility/Grounds Maintenance Worker. These receptors spend each day of
work at the site exposed to the surface soil; however, the year is reduced by half to
account for the lack of outdoor work in the colder months (5 days/week for 25 weeks,
RME). This individual is also exposed to the subsurface soil (50 days of the year). This
exposure period lasts for 25 years. At the recommendation of the USEPA, we are using
a value of 5800 cm? for the dermal exposure. This approximates the 95" percentile for
the exposure of 25 percent of the body surface area.

(3) Construction Worker. These receptors spend each day of the construction
project at the site exposed to the surface soil; however, the year is reduced by one
quarter to account for the lack of outdoor work in the coldest months (5 days/week for
38 weeks, RME). This individual is also exposed to the subsurface soil (50 days of the
year}. This exposure period lasts for 1 year. At the recommendation of the USEPA, we
are using a value of 5800 cm? for the dermal exposure. This approximates the 95"
percentile for the exposure of 25 percent of the hody surface area.

(4) Training Soldier. These receptors spend each training day exposed to the
subsurface soil at the site (14 days/year subsurface soil, best judgement); however, this
individual is also exposed to the surface soil at the site for the entire year (350 days).
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