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Shifts in Biochemical Environments and Subsequent Degradation of Explosive
Compounds (TNT and RDX) by Starch Ball Addition in the Benthic Zone
of Bench Scale Settling Basins

Jieun Park * Bumhan Bae*
Department of Civil & Environmental Engineering, Gachon University

ABSTRACT

A starch ball was devised to conveniently supply carbon source to indigenous microorganisms and to enhance
biotransformation of explosive compounds(TNT and RDX) in the sediments of settling basins installed in military
shooting ranges. To identify optimum dose/sediment ratio for degradation of explosives in the basin, a series of bench
scale settling basin experiments were performed for 30 days while monitoring supernatant pH, DO, concentrations of
nitrite, nitrate, sulfate, explosive compounds, and acute toxicity measured by bacterial luminescence. Addition of starch
ball induced changes in oxidation conditions from oxic to anoxic in the benthic zone of the basin, which resulted in
subsequent reductive degradation of both TNT and RDX in the liquid and solid phase of basin. However, fermentation
products of excess starch, acetic acid and formic acid, caused acute toxicity in the liquid phase. The optimum ratio of
starch ball/sediment for explosive compounds degradation by inducing changes in bio-geochemical environments without

increase in acute toxicity, was found to be 0.009~0.017.
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HoHMcCormick et al., 1976). Wby 3714 FZHHET
= 78 394 A e INTE @718 48t
Zol|A Eelst kA ATt Desulfovibrio sp.(strain B)
o olaf AiYoz AMEE RS ™ (Boopathy and Kulpa,
1993), W§TSl Methanococcus sp-2 TNTS 24 &
< gadoR ARGSEA AR 6 W 100% st
AthH(Boopathy, 1994). Lewis et al.(1996)> &7 =
AANA Clostridium bifermentans®| 23] TNT7} TAT
(triaminotoluene)= =31, TATS} pyruvic aldehydeZ}
Tl SAlsk=s AR Husigitt. 5714 EaljellA
% TNTY] -NO,71¢| gele] Hg=oH, 5714”2713
z71e] FsARgo] oaf a7t SX=ATHBradley
and Chapelle, 1995).

RDX %Al -NO,7|9] #Helo] Ageln, Rajrhe=
MNX(mononitroso-RDX), TNX(trinitroso-RDX) 2 formal-
dehyde7} 725 AtH(McCormick et al., 1981). RDX
B3lle Sitol2 Sdu|AE(Boopathy et al., 1998), &
AH A Z 7 (Freedman and Sutherland, 1998), &% 7
(Singh et al, 2009), 7|4 <#A|(Hawari et al,
2000; Zhao et al., 2004), Z=AF2& (Sherburne et al.,
2005) ¥ H,E AAFAANZ & 7-9-(Beller, 2002)54
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A gAhgoez MAYFEITHManning et al., 1994; Boo-
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Fig. 1. Photographs of the starch ball produced in the laboratory.

Table 1. Composition of sedimentation basin experiments

Sedimentation basin Designation Composition Starch/Soil ratio (g/g)
RDXI1 RSo RDX + Soil 0.000
RDX2 RSSa RDX + Soil +4 Starch Balls 0.009
RDX3 RSSb RDX + Soil + 8 Starch Balls 0.017
RDX4 RSSc RDX + Soil + 12 Starch Balls 0.025
RDX5 RSSd RDX + Soil + 16 Starch Balls 0.034
TNTI TSo TNT + Soil 0.000
TNT2 TSSa TNT + Soil +4 Starch Balls 0.009
TNT3 TSSb TNT + Soil + 8 Starch Balls 0.017
TNT4 TSSc TNT + Soil + 12 Starch Balls 0.025
TNT5 TSSd TNT + Soil + 16 Starch Balls 0.034
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2.3. 2

slerEd HAo ARESE HPLC A]2~®l2 Varian
Prostar Gradient System(240 solvent delivery module,
335 photodiode array detector, 410 autosampler, 500
column valve module)>& FAEo] glom, HX ZHLS
% 0.8 mL/min(Methanol : Water = 55 : 45)2}  190~600
nm scanning mode®]™, F&E UV 230 nmol|A 2AIs}
Aot EY W sleked BAMHE US EPACA 7k
SW-846 method 8330B%} 5538+ W OoE thaat At
FRx BEGS EFvlE A ek e 3 )
A F2skaL, AxAeE #Esk] 98 No. 30218 ©]
&3t A7E 9T 40mL amber vialol] EWFAF
10 g7} ACN(Acetonitrile) 20 mL2 373+ & Teflon-
lined cap® @ UE3IAL 30°C ©]5}2] sonic batholl A 18
A1ZF &<t sonication FE3TE. F= -, 3087 WA
sle] Bk A F, A SmL 5g/L CaCl,
B4 S5mLE vialll S8 EFAR T 1583 KA
Zth. B 0.2 um PTFE filter® o3&}t 2719
3mLE WEal YR A|8E HPLC E43199t). o9}
o] ®-43k RDX9} TNTS] HPLC HEIMAIE 242 22
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Table 2. Physico-chemical properties of the explosives contaminated soils used in the experiment

Name Unit RDX contaminate soil TNT contaminate soil
EC dS/m 0.59 0.49
TN % 0.05 0.06
NH,* mg/kg 0.005 ND
NOs- mg/ke 124.6 109.4
CEC cmol/kg 12.26 13.24
Exchangeable K mg/kg 92.76 77.22
Exchangeable Na mg/kg 72.09 77.24
TP me/ke 23327 22937
P,0s mg/kg 30.98 28.03
Organic Contents % 4.08+0.21 3.89+0.39
ug/l 2 24 ug/Lel2ch ° S
3eha A4 Q FEHCOD)S Standard method(1995)2] I sl
rapid COD test 2, TN HachAte] ZAEAHE, £
NO,-, NO;~ ¥ SO+ IC(ion chromatography)® =74 é &1
3199t} ICE Metrohm ion analysis®] 761 Compact IC @ E .
2} Metrosep A Supp 4 250/4.0 column(4.0 x 250 mm x %
9 um)S ARSI, 1.8 mM Na,COs9t 1.7mM NaHCO; g 24
LA (pH 102y AHE31d 20°ColA F3 0.7 mL/min
2 4 F4 B4 LumixToxS A3l 574 i
SI=H, Vibrio fischeris AZ/3831] NaCl 2% 8-
o7 BASE A|F9) ¥il, Lumis miniz WZ AR
kol Baste BRI Aole Z4sie] WA ® —o
TE AT ©] W phenots EFHOFE ARESIA 3 84 :
sl £
gl A1§F TNT % RDX EZFEAL Accu 5 "
Standard(New Haven, CT, USAYIA 08tiaL, =l ®) § 4 1
A8 8ullE HPLCEOIOM, T selEde ACS z
FolIT). g AHe] A Poleart 1w(183 2  aa
MQ-cm)e| AT} 01
0 3 6 9 12 15 18 21 24 27
3. ?=3J_'-I‘ I;L<I Egl Time (Days)

Fig. 2. Changes in dissolved oxygen concentration of the liquid
3.1 EM 9l oos phase i.n the beiznch top scale se'dimentat.ion basin. (a) RDX
contaminated soil (b) TNT contaminated soil.
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2 524 (Table 2y 9% 3sloFad SRV T ¥ AY AAA f £ FEHI= Fig 29 2t} RDX

bl [s}
=3}t Eokoltt. TNT LEESA NH, 7} E45H vt 2 TINT AR 2F ¢F 159 74 DO7F A&F o=

™, RDX LUEUI= NH,7F 0.005 mgkgS & A% & 73t 18R E DOZE A 748k 1.0 mg/L ©]
AT HAA 9 LHEFS] RDX B INT 271 8f2 AR Ak oz AR 45 ¥ FUds
FEE 747 4448 £836 H 1.61 +0.09 me/keol AT SEMTE Hashe AdE B, ols FUd HE
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Fig. 3. Changes in nitrate concentration of the liquid phase in the
bench top scale sedimentation basin. (a) RDX contaminated soil
and (b) TNT contaminated soil.
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Fig. 4. Changes in nitrite concentration of the liquid phase in the
bench top scale sedimentation basin. (a) RDX contaminated soil
and (b) TNT contaminated soil.
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Fig. 6. Changes in pH of the liquid phase in the bench top scale
sedimentation basin. (a) RDX contaminated soil and (b) TNT
contaminated soil.
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Fig. 7. Changes in acetic acid concentration of the liquid phase in
the bench top scale sedimentation basin. (a) RDX contaminated
soil and (b) TNT contaminated soil.
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Table 3. Calculation of mass balance of explosive compounds

Fell ofst A 775 HAA] AFol|Ae] Aslet 7] st} sleFEF (TNT 2 RDX) £3 89

iti Remaining after 27 days(mg)
Designation Initial Removal(%)
(mg) In liquid In solid Total
RSo 27.16 231 29.47 55.8
RSSa 0 027 0.27 99.6
RSSb 66.72 0 0.15 0.15 99.8
RSSc 0 0.36 0.36 99.5
RSSd 0 1.31 131 98.0
TSo 0 1.05 1.05 56.6
TSSa 0 0 0 100
TSSb 242 0 0 0 100
TSSc 0 0 0 100
TSSd 0 0 0 100
(@) AR 3 HA7PA) AASL 100%0]3L, hETAE 56.6%
45.0
o] AAES HATh RDX LAENAM i3S H7IsHA]
rio — ] o 27 AeolME 279 F 55.8%F AAHACLY,
e . nitial Soil
T mmrox1se | T AR 8 7L Al H3 99.8% AAHLCH, AR =Y B
E 154 e
E £ Rox:010 7} 0.009~0.017 AtelollX 7FE =& AAES B3t
‘§ I RDX: 0.87
§ 1.0 A =
5 35 9= Ccop ¥ =M
5 FAE Fo] f7RIeE AN di = s] Akst
X 054
2] k7ol AR FEETE skle] DOE ANs)
oo = SRS Al Aol ol =4 CODE 418
' RSo RSSa RSSb RSSc RSSd A= Fig. 113} 2th 98k AR sko] =2} Ze
b) = e CODe Sk A4S H3lor, RDX 3
18 TNT Az 22t Hal 3627 mg/l 2 464 mg/Lo)
16 At R A 187 SR} ol fells a5
) e ashe FAZ ASEAT 28y AZ/ES HI7L
< 44-L ~ - -
2~ = TNT 000 | - 0.0092] RSSa 2 TSSa FHZIME CcoD7} F{let B
- 7000 ol A=K o= G CODHTF A9 WolA
g I TNT: 0.00
8 AE E2 FE Holal o, AEs &S HZ st
S H §E5 COD A= AT 4 IS Aole} AlEHT)
£ AR S Folgle] slepEAe] FEAT} BlHRle
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Fig. 11. Changes in COD concentration of the liquid phase in the
bench top scale sedimentation basin. (a) RDX contaminated soil
and (b) TNT contaminated soil.
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Fig. 12. Changes in acute toxicity of the liquid phase of the bench
top scale sedimentation basin. (a) RDX contaminated soil and (b)
TNT contaminated soil.
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