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Uptake and Transformation of RDX by Perennial Plants in Poaceae Family (Amur
Silver Grass and Reed Canary Grass) under Hydroponic Culture Conditions
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Abstract : Amur silver grass (Miscanthus sacchariflorus) and reed canary grass (Phalaris arundinacea) were selected for RDX
removal experiments in hydroponic culture conditions based on vegetation survey at three shooting ranges in northern Kyunggi
province. Seedling of two plants were grown in 1/4 strength Hoagland solution in quadruplicates containing 10, 20, 30, 40 mg/L
RDX for 15 days along with control and blank treatments. During the 15 days of incubation, pH and RDX concentration in medium
were routinely analyzed and RDX contents in the shoot and the root were determined after solvent extraction at the end of the
experiments. Both plant species showed no symptoms of RDX phyto-toxicity. The pseudo first order RDX-removal constants for
amur silver grass and reed canary grass were in the range of 0.0143~0.0484 day" and 0.0971~0.1853 day”, respectively. Plant biomass
normalized RDX removal rates, which decreased with the increase of initial RDX concentration, were in the range of 0.27~1.01
mL-g’lday’1 and 0.87~1.66 mL-g’lday’1 for amur silver grass and reed canary grass, respectively. After 15 days of treatment, RDX
removal from the medium decreased from 49.0% to 23.7% with increase in the initial RDX concentration in amur silver grass and
7.3% of the initial RDX remained in the plant. In reed canary grass planted medium, less than 16.8% and 5% of the initial RDX
remained in the medium and in the plant, respectively. Large quantities of unidentified polar compound, which was not detected
in amur silver grass, accumulated in the root and shoot of reed silver grass.
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Fig. 1. The chemical structure of three major high explosive compounds,
oo FFoGct”” Bk F W] Zotat shebEd £ AYtel 712 ATE Yot} vws] gl
o AAY BFE QAT AR olFeALL B ABS Stk 1 A3 T 4% BT RDXE F5A1A
A QHEATE EH fEF] sHeE flEt? shal Eeie 4= gllen, RDX 23l GafmoAe Aa=

AR = T AAEE SfefEdo] A&Her fYEHE do] WEEA| grot APAA Ao A ShoFEE A 3hol A7t
2 AstRoEs §F AES Agslok shaL, A F1o gt Al &R gelEgdch
W A, 2 sz ATk AAA; PdEAl B G5
&, AdTE 58 Estd T2 sHETE @ =4
S TRt B 5 Al AR} 2 AdE 42 2. ME U 9l B U
A Aol Agtstel. ShefEd o] Log Kow (TNT 1.86 %
RDX 0.86)& 4 E4gstgyel At gz 42 9 21 2 4=
Eto] BpA, W, wistd ), FAb 5o AEEA] 9l SRR AP olaFH el A AEo] T 5 9l
o= skl FAE, S, 2E B S T o7t += RDX9| Hjs=s w5317 flste] AAlskeit:. A9l
T 2 2ai7E RaE e, INTE A&l 548 o AEE AEEE IFEER LYHA 32 B s
Wajof, RDXE 2 A4 ARE A 53] 45 = Ak of 37Xt oA Aufstict. Aol AR
Zefof ot sterEd F, A A wa 7]Eboll it A AT A Zol7t oF 50 emol e, 4% A7t
7} 71 B A 239y, TE28= Malo)a RDX Sk 247441 A ste] Aol ARESEYTE A= Ao
£ 5T o AR eHeta, SSugold 2xg A AFAR ofFt oy, Bt AohA] ¢S o5k
21230 23+ RDXQ] 3Ho] ubalalm, z|AME Qlof 4] 3 TEER B E o] AL g R RS A
do] Fojahs AEGEZ C1 HAHES WA 02, ot AR oF BAFE SASHAT A AR Aol AEA7L
A AT AEA ] o8 Cl 3FgtEo] Hr)3tE ek AlEAY el & A8 E 1/4 5:=2] Hoagland ¥} of

FYANNE oA D AAET 2o QA 2E = A 3UE ASAF o] F AEA HEE 70% ethanol &
B9l A ZEelo] ot sopd AA o] drHgl el 38 3% NaOCL gl 3wt Hop Asstal Wt
ok 7o) g 2EL th4o] AY|E BRI gt DIW (183 MQ-cm)& Z53] AlFstoict. Zetag A
A% StobR A §EARAAY] A8 vl Qo Hgst  del 98 1 L g=e] 500 mLe} RDX 8-2i(1/4 Hoag-
L A3AEo] AR sl o] 2R oA 2@ Fo] B u) land 89 + RDX)& Y1, Sh&-2 S| A9 u|y&E F4
742 Wl Al afok sk, 2 Ate] oFAL 9E) Al Al = JAI5t7] fiste] YA (streptomycin sulfate)E 250 mg/L
Mol AAEl= Eulet Bhabu]go] A H| S HT} EO A 2 A7retath 1ok Rbee] oM & AEs 44
Ho| w2E ]t olo] A= B 37 AAA ek ¢l Shal AT AEA E714belY] ke Bk FoE 2
o] AN RAE AA|ate] AFAR A S-ete iy = T FRAEE AlFSRSTh
1o A% fatoz AAsATh 2R HAE o] &k A} AlEE AAT HhE2e AEA/d(Growth chamber) o] 4]
Aol e AHE EA Fol Aol WIwe] wasty), & RS 1GAREBARE 2 2541, Fi 70% A0
2o Aol s slEaly] ol HalE g ohg cpal ISR VS of W wal B ek gs e
Rgahee] o) Azto] Wagh whde] 2ue ojgs) 4 H FHAA ks IRl FA fluxz 300 umol/
AE]7] ook, m’/s(F 22,000 lux)2 3}ITh E3F Hhexo= 39 1A 0

AY AYRARRE AAGe] SHoh AB FA ¢ F FAA(sueptomyein sulfate) T F7ER FEdston, 2
ke Aol Aot chdA pusgoln, gxjg  F(0.22 um PTFE air filten= W 3715 W32 2
o] =& B A|(amur silver grass, Miscanthus sacchariflorus mL/min© 2 3h7 3AIZHY F7]5te] golof wntat 7] A

(Maxim.) Benth.)?} Z+E(Reed canary grass, Phalaris arundi-
naceaye W} AEE sk, A eSSl shef
=4 RDXo| tigt WS St Ao, stef=4 AlA

E7F FAIH =S sl
A A¥LS RDX %% 10, 20, 30, 40 mg/Lo] =7
oA Zz} 4ufjr= FFst o, FATE 24 AEAvt

| Journal of KSEE | Vol.36, No.4 | April, 2014



J. Kor. Soc. Environ. Eng.
TERBHZEZAOA CRAM BIHAIS(EAM 2 Z2E)0| 2f5t RDX &4 2 =af

R 2K(fresh weight) 9 AZZHdry weight)S ZA5HATh
3 4124 ) RDX

B2 Uiro] AEFES UAlSlo] RDXS} Hejikge] B
=
=

(o] EIOI‘
i
ot
filo
=
o
ol
e
N
o
%
>
o
i
)
ol
S

A A SEATE 42 ofl A

A YLR BAT ABAT HEHE BN O] F 5
B Bovtel B4 48A ARE ol 197 $AAx
et
et

4o dxrt gRE AR YA 7R
glutol o] 2.0 g& AwFste] WL, i #FEEH 1,3-DNB
(dinitrobenzzene)2 77}t th2 acetonitrile (ACN) 10 mL2
g3l PTFE linerE 7H¢l up7i= Wgstqich o] 3, Hpoled
2 18X17F $9F 28912 2E3C) o] 1] 528 30T of
SN o= 18T olshz AT FEoE WA
sla) Wi Awheloic 330] SRE he, 3,000 pmo] A
o] 2i&E Np gasg ©]85to] 2.0 mLE 5%38H3l=t,

25
sfoFEde] w7t 83 o s A

il

olF ] 55 A 20 mLE B Yot K F4EH
< A A3L7] )3l Florisil cartridge® A A|5}5ict. ©] W, Flo-
risil cartridges= ACN 5 mL-& 23] o] WA conditioning
331, 22A)& 2.0 mLI} ACN 3.0 mLL 2|2 Qo] %
o ol &&= = 3 Tk, ACN 3 mL+ACN 2 mL& 2

3 EEAA AAXNEE €3l 0.2 um PTFE syringe filter
2 ojzjste] HFHoR HAARE Agick wjorel i RDX
X+ 0.2 um PTFE syringe filter2 o] 1}3t T} ZHlIZ
Baatgict

S}oFE2S Varian HPLC A]AE]3} Shiseido Capcell PAK
MG C-18 column© & E43git}. HPLC H4z72 §ef
0.7 mL/min, §-7 242 ACN/H,0 45%:55%, 45 230
nme 2 FPARF2 20 pLolgich. Aol A8 RDX
(5 >99%) = st T a0l A A B e Folon, ok
o Fulo] AHE-H =42 ACS grade©]$l 1, HPLC grade &
Wz & 9 £42 +3sAh RDX 238 A9l MNX
(mono-nitroso RDX), DNX (dinitorso-RDX) % TNX (trinitroso-
RDX)9] SRI Interntional (Menro Park, CA, USA)9] Dr. R.
Spanggord7} A &3¢t 1Lt technical grade® =7}

wob 2fEgRA 02 PYL ssgo BY 3FS

— uax T

FAA A 159 & oAt 2] YA 77t
Table 1 9 29} Zth A= 27| YAkl vlsl A=)
H3l7l 32 ehtth RDXE 9A] ¢ FAE A YA
e 1.72 g BASIAATE Z AT v]g] 5% v]Te] i,
RDX 20 ¥ 30 mg/Loj A= @38 z+2 020 2 0.72 g =

Fig. 2. Photographs of plants growing in the hydroponic culture system in a growth chamber: () amur silver grass(2011. 10, 5),

(b) reed canary grass(2011, 11, 8).
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Table 1. Changes in fresh weight of amur silver grass after 15
days of the hydroponic culture experiments

Fresh weight (g) Control RDX 10 RDX20 RDX30 RDX40

Initial 2490 26.00 2523 2574 26 .64
(1.07) (0.76) (1.70) (1.26) (0.65)

Shoot 455 546 469 583 6.71
Final Root 1863 17.89 20,74 20.63 19.86
Total 2318 2335 2543 26.46 2657
(2.36) (0.68) (1.66) (0.56) (1.15)

Increments (g) -172 -264 020 072 -0.07

* Data represents the average of quadruplicate results with standard
deviation in parenthesis

Table 2. Changes in fresh weight of reed canary grass after 15
days of the hydroponic culture experiments

Fresh weight (g) Control RDX10 RDX20 RDX30 RDX40
Initial 60.97 60.49 62.02 60.39 64.43
(2.95) (3.22) (2.73) (2.31) (2.44)
Shoot 13,05 14,59 12.90 13.46 1727
Final Root  37.82 36.25 3897 38.33 39.59
Total 50.88 50.83 5186 5179 56.86
(2.74) (2.42) (4.41) (4.73) (1.91)
Increments (g)  -10.09 -9.66 -10.15 -8.60 -7.57

* Data represents the average of quadruplicate results with standard
deviation in parenthesis
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Fig. 3. The amount of evaporation loss in the hydorponic culture
medium after 15 days of incubation in a growth cham-
ber: (a) amur silver grass, (b) reed canary grass.
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Fig. 4. Decrease of RDX concentrations in the culture medium
expressed as a pseudo-first order reaction: (a) amur sil-
ver grass, (b) reed canary grass.
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Table 3. Estimated RDX removal rates by amur silver grass based
on the quadruplicate results of hydroponic culture expe-

riments
RDX10  RDX20  RDX30  RDX40
k(day™) 00484 00285 00183 00143
r 0.87 0.91 087 0.90
P (g/mL) 0.0481 00493 00507 00522
K(mL-g'day™) 1.01 0.58 0.36 027

Table 4. Estimated RDX removal rates by reed canary grass
based on the quadruplicate results of hydroponic cul-
ture experiments

RDX10 RDX20 RDX30 RDX40

k(day™) 01853 01667 01450  0.0971
r 0.98 0.98 0.98 07

P (g/mL) 01118 01113 01139 01122
K(mL-g'day™) 1.66 150 127 087
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Table 5. RDX concentrations in the shoot and the root of amur
silver grass with internal standard recovery

Initial RDX conc, (mg/L) RDX10 RDX20 RDX30 RDX 40
4659 11285 18516 266.76
ROX(9/9) (155 (005 (116  (1.17)
Shoot 1 3.DNB
3 96 98 96 99
recovery (%)
4488 3854 21823 30049
ROXUID) 055 84 (023 (049
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"~ 94 105 89 89

recovery (%)

* Data represents the average of duplicate analysis with standard
deviation in parenthesis
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Fig 5. HPLC chromatograms of the shoot extracts: (a) amur silver grass, (b) reed canary grass,
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ARkell= el 50%7F ZRstgANE 7 Soll= 7o o
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Table 6. RDX concentrations in the shoot and the root of reed
canary with internal standard recovery

4 Fig. 62+ At} EA Aulitoll A RDX & S7F2 2.95
mgo A 7.01 mge g2 RDX 7|50 vl s} ;‘7}0}04
Auk, Z7]db] F4=8-2 RDX 10, 20, 30 2 40 mg/LojA]
747k 55.6, 419, 37.4 9 33.1%2 HFSR Z27)% %o Hh)
#ato] Fastgit Bhgx 89 W zHR-2 RDX 10 mg/L
oA 44.4%% 717 Wokal, RDX 40 mg/Lo|A] 66.8%2, %
71s o] vt Frbatlct AlEA ol JF-g RDX
4219.46%2 B 7.27%7} AESATE ZER 2 2o A=
RDX & 3222 0.37 mgo|A] 14.36 mgo 2 RDX %7]%
wo vlglate] F7FetAaL, 271 F48-2 RDX 10, 20,
30 = 400 A 247+ 943, 92.1, 89.5 L 83.4%= HFSE 89l
Z7) 50| vh|Este] Fastelrt. & RDX S432 57t
SEA|GE Z7|tH] FerlRo] Hadhe A AlEA Tl 3

Table 7. Material balance on RDX taken up by amur silver grass
in the hydroponic culture system

RDX (mg) Blank  RDX10 RDX20 RDX30 RDX40

5.53 531 10.75 15.54 2115

Initial 0.04) (0.08) (0.24) (0.62) ©.71)
Final 551 236 6.24 10.12 14.14
(004 (050  (067)  (1.52)  (0.69)

Uptake 002 295 450 542 701

(005 (049  (070) (1.76)  (0.96)

% uptake / 0.30 55.60 4190 3472 33.11
initial (0.98) (9.30) (6.44) (10.61) (4.01)

* Data represents the average of quadruple analysis with standard
deviation in parenthesis

Table 8. Material balance on RDX taken up by reed canary
grass in the hydroponic culture system

Initial RDX conc, (mg/L) RDX10 RDX20 RDX30 RDX 40 RDX(mg)  Blank RDX10 RDX20 RDX30 RDX40

AOXugg 2872 0967 10928 918 it 512 488 941 1408 1725

Shoot 99 005 (025 @ (027) (132 022)  (014)  (047) (039)  (0.45)
00

1,3-DNB . 476 029 075 148 289

recovery (%) © 80 80 96 Final ©0418)  (027) (027) (O11)  (140)

990 1178 2244 3125 037 460 866 1261 1436

. . . . - . . . . .

T Lo/l 026y (022 (025 (209) PEC T oos 01 08 043 (099
00

1,3-DNB %uptake/ 711 9425 9213 8950 8339

recovery (%) 96 101 98 94

initial (091) (525 (2.65) (0.88)  (7.67)

* Data represents the average of duplicate analysis with standard
deviation in parenthesis

*Data represents the average of quadruple analysis with standard
deviation in parenthesis
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Fig. 6. Material balance of the hydroponic culture system: (a)
amur silver grass, (b) reed canary grass,

Blank-10
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Aot ZE At HEFoA RDX HE7t Hold4sE 5
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7Fete S 2ok

2) FAF 12H8S- 2 2 RDX A A 593t 445 Ay
3 AT}, B 0.0143~0.0484 day’, ZE AHe]o|A=
0.0971~ 0.1853 day' 2 RDX X7} 271842 7h43519)
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