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Metabol ism - Aerobic  S o i l  

1. The s tudy  i s  acceptable and f u l f i l l s  t h e  162-1 da ta  requi rement .  

2. Naptalam degraded w i t h  a h a l f - l i f e  o f  36.7 days i n  sandy loam s o i l  
t h a t  was incubated i n  t h e  da rk  a t  25 C and 75% o f  0.33 b a r  mo i s tu re  
capac i t y .  Two n ~ n i o l a t i l e  degradates were i d e n t i f i e d :  N - l -  
naph thy lph tha l im ide  and 1-naphthylamine. Carbon d i o x i d e  was t h e  o n l y  
v o l  a t i  1 e degradate i d e n t i f i e d .  
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METHODOLOGY: 

Air-dried, sieved (2-mm) sandy loam soil (62.0% sand, 28.0% silt, 
10.0% clay, 5.0% organic matter, pH 6.5, CEC 6.6 meq/100 g) was 
placed in a beaker and moistened to 75% of 0.33 bar. The soil was 
incubated aerobically for 34 days, then transferred to a 1-L flask 
that was designed with top ports that allowed for the removal of 
subsamples of soil as well as continuous purging with humidified air. 
The soil was then treated at 6.43 ppm with the sodium salt of 
[1-14c]naptal am (radiochemical purity 98%, specific activity 37.9 
uCi/mg, Uniroyal) dissolved in propano1:water (70:30, v:v), and mixed 
by rotation and with a spatula for approximately 15-20 minutes to 
obtain homogeneity. The flask was connected, in series, to tubes of 
ethylene glycol, 1 M sulfuric acid, and 5% sodium hydroxide for 
trapping volatiles (Figure 4). The rate of air flow through the 
system was 45-50 mL/minute. The sealed flask was placed in a water 
bath maintained at 25 + 0.1 C, and the flask and water bath were 
covered to exclude light. Prior to each sampling, the rate of air 
flow was increased 3-fold for about 20-30 minutes to force volatiles 
into the trapping solutions. The air flow was then stopped, and 
duplicate portions (approximately 5 g each) of soil and trapping 
solutions were sampled at 0, 2, 13, 20, 30, 41, 50, 75, and 135 days 
posttreatment. The trapping sol utions were rep1 aced with fresh 
trapping solution at various intervals. 

Portions of each soil sample were analyzed for total radioactivity by 
LSC following combustion; the detection limit was 0.005 ppm. 
Additional portions of soil were extracted immediately after 
sampling; the extraction procedure is outlined in Figure 5. The 
samples were sequentially extracted three times each with 
acetoni tri 1 e, propanol :water (70:30, v:v) , and 1 N sodium hydroxide 
solution. Each extraction was done for 20 minutes using occasional 
vortexing at 65 C or on a rotator at room temperature. Each set of 
extracts was pooled, and aliquots of each extract were analyzed for 
total radioactivity by LSC. Additional a1 iquots of the acetonitrile 
and propanol :water extracts were evaporated to dryness under 
nitrogen, resuspended in water, and filtered (0.45 nm). A1 iquots of 
the 1 N sodium hydroxide soil extracts were partitioned three times 
with acetonitrile, and the acetonitrile was evaporated to dryness 
under nitrogen, resuspended in water, neutralized with 1% 
trifl uoroacetic acid, and fi 1 tered. A1 1 filtered extracts were 
analyzed for naptalam and its degradates by HPLC and TLC. HPLC was 
conducted using a mobile phase of 0.1% trifluoroacetic acid in 
water:acetoni trile with a 1 inear gradient in the water:acetoni trile 
from 90:lO (v:v) to 50:50 (v:v); detection was by UV absorbance (280 
nm) and radioactivity monitoring. The detectionlimit was 0.005 ppm. 
One-dimensi onal TLC was done with ,aonradiol abel erd reference standards 
on silica gel plates developed in ch1oroform:acetone:formic acid 
(70:30:0.5, v:v:v) . Radioactive zones were visual ized using a TLC 
linear analyzer and UV light. The radioactive areas were located and 
quantified using radi oscanni ng and were ident i f i ed by compari son to 
the Rf of the reference standards. Unextracted [14~]residues in the 



e x t r a c t e d  s o i l  were analyzed f o r  t o t a l  r a d i o a c t i v i t y  by LSC f o l l o w i n g  
combustion. 

D u p l i c a t e  a l i q u o t s  o f  t h e  t r a p p i n g  s o l u t i o n s  were analyzed f o r  t o t a l  
r a d i o a c t i v i t y  by LSC. 

P o r t i o n s  o f  t h e  s o i l  c o l l e c t e d  a t  each sampl ing i n t e r v a l  were s to red  
f r ozen  a t  -20 C f o r  an u n s p e c i f i e d  p e r i o d  o f  t ime  f o r  f u t u r e  
degradate i d e n t i f i c a t i o n .  A l i q u o t s  o f  each e x t r a c t  were s t o r e d  a t  4- 
6 C f o r  p o s s i b l e  f u t u r e  ana l ys i s .  

DATA SUMMARY: 

The sodium s a l t  o f  [1-14c]naptal  am ( rad iochemica l  p u r i t y  98%), a t  
6.43 ppm, degraded w i t h  a r e g i s t r a n t - c a l c u l a t e d  h a l f - l i f e  o f  36.7 
days i n  n o n s t e r i l e  sandy loam s o i l  t h a t  was incuba ted  i n  t h e  da rk  a t  
25 C and 75% o f  0.33 ba r  mo is tu re .  [ 1 4 c ] ~ a p t a l  am decreased f rom 
93.0% o f  t h e  a p p l i e d  (5.98 ppm) immediate ly  pos t t r ea tmen t  t o  39.4% 
(2.53 ppm) a t  41 days and 3.6% (0.23 ppm) a t  135 days (Tables 3 and 
4 ) .  Two n o n v o l a t i l e  degradates were i d e n t i f i e d :  

N-1-naphthy lph tha l im ide  (a lanap im ide) ,  

which was a maximum o f  6.1% o f  t h e  a p p l i e d  (0.39 ppm) a t  41 days 
pos t t r ea tmen t  and decreased t o  3.6% (0.17 ppm) by 135 days, and 

1-naphthylamine (alpha-naphthylamine, 1-NA) 

which was a maximum of 2.2% (0.14 ppm) immediate ly  pos t t rea tment ,  
decreased t o  0.4% (0.03 ppm) by 30 days, and was n o t  de tec ted  
( t0 .005 ppm) by 41 days. 

A t  135 days pos t t rea tment ,  14c02 t o t a l e d  39.5% o f  t h e  appl  i e d  and 
unex t rac ted  [ 1 4 ~ ] r e s i d u e s  were 12.3% o f  t h e  appl i e d  (Table 1 ) .  
Du r i ng  t h e  study, m a t e r i a l  balances ranged f rom 87.1 t o  96.9% o f  t h e  
a p p l i e d  w i t h  no d i s c e r n i b l e  p a t t e r n  (Table 1 ) .  

COMMENTS : 

1. The s tudy  i s  acceptable and f u l f i l l s  t h e  162-1 da ta  requi rement .  

2 .  I n  t h i s  study, t h e  sample e x t r a c t s  were analyzed u s i n g  HPLC w i t h  two 
s o l v e n t  systems. The i d e n t i t i e s  o f  t h e  compounds were con f i rmed 
us ing  one-dimensional  TLC and a s i n g l e  s o l v e n t  system. Rad ioac t i ve  
areas on t h e  TLC p l a t e s  were i d e n t i f i e d  o n l y  by comparison t o  t h e  
l o c a t i o n  o f  known re fe rence  standards on t h e  same p l a t e s .  

EFGWB p r e f e r s  t h a t  [ 1 4 ~ ] r e s i d u e s  i n  samples be analyzed by 
a d d i t i o n a l  chromatographic methods (such as HPLC, o r  GC) and t h a t  
s p e c i f i c  compounds i so l  a ted  by chromatography be i d e n t i  f i e 9  us ing  a 



c o n f i r m a t o r y  method such a s  MS i n  a d d i t i o n  t o  t h e  R f  o f  r e f e r e n c e  
s t a n d a r d s .  



TABLE 1 . DISTRIBUTION OF RADIOACTIVITY (PERCENT OF INITIALLY-APPLIED RADIOACTIVITY~ AS DETERMINED BY LSC ANALYSIS 
I N  SANDY LOAM SOIL TREATED WITH 1 4 ~ - ~ ~ ~ ~ ~ ~  AND INCUBATED UNDER AEROBIC CONDITIONS I N  THE DARK AT 
25.1+0.1°C. 

- 
I n c u b a t i o n  Time i n  Days 

Recovery 
o f  R a d i o a c t i v i t y 2  0  2  13 2  0 3 0  4  1  50 7  5  135 

E x t r a c t a b l e  R a d i o a c t i v i t y  

Aceton i  tr i l e  E x t r a c t  
Propanol /Water E x t r a c t  
Sodium Hydroxide E x t r a c t  

T o t a l  E x t r a c t a b l e  R a d i o a c t i v i t y  

U n e x t r a c t a b l  e  R a d i o a c t i v i  t y  

4 
V\ 

Cumulat ive  V o l a t i  l e s  
A 
1 5% NaOH (14c02) Trap 

E thy1  ene G lyco l  Trap 
H2SO4 Trap 

T o t a l  Cumula t ive  V o l a t i  l e s  

T o t a l  R a d i o a c t i v i t y  Recovered 
( E x t r a c t a b l e  + Bound 

+ Cumula t ive  V o l a t i  l e s )  

1. I n i t i a l  a lanap c o n c e n t r a t i o n  i n  t h e  t e s t  s o i l  immedia te ly  pos t - t rea tmen t  was 6.43 ppm (5.38 x  105 dpm/gm t e s t  
s o i l ;  S p e c i f i c  A c t i v i t y  = 37.7 uCi/mg). 

2. Average o f  two measurements a t  each sampl ing t ime.  
3. Not Analyzed; d e t e c t i o n  l i m i t  o f  LSC was 0.005 ppm. 
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TABLE 2. DISTRIBUTION OF RADIOACTIVITY ( P P M ~ )  AS DETERMINED BY LSC ANALYSIS I N  SANDY LOAM S O I L  TREATED WI1Ii 
1 4 ~ - ~ ~ ~ ~ ~  AND INCUBATEU UNDER AEROBIC CONDITIONS I N  THE DARK AT 25.150. l°C. 

i 

I n c u b a t i o n  Time i n  Days 
Recovery 
o f  R a d i o a c t i v i  ty2 0 2 13 20 30 4 1 50 7 5 135 

I 
I 
I 

E x t r a c t a b l e  R a d i o a c t i v i t y  S i 

A c e t o n i t r i l e  E x t r a c t  2.90 2.87 1.94 2.00 1.75 0.95 0.84 0.57 0 .33 
Propanol fWater E x t r a c t  2 . 7 6  2.14 1.96 1.61 0.88 0.28 0 .20  0.18 0.12 
Sod i um Hydrox ide E x t r a c t  0 .48 0.80 1.45 1.59 1.85 2.28 2.54 2.06 2.06 

T o t a l  E x t r a c t a b l e  R a d i o a c t i v i t y  6.14 5.81 5.35 5.20 4.48 3.51 3.58 2.81 2.51 

U n e x t r a c t a b l e  R a d i o a c t i v i t y  

I 
Cumulat ive  V o l a t i  l e s  

6 
P 
I 5% NaOH ( 1 4 ~ ~ 2 )  Trap 

E thy lene  G l y c o l  Trap 
H2SO4 Trap 

T o t a l  Cumula t ive  V o l a t i  l e s  N A 0.01 0.17 0.24 0.42 0.95 1.41 1.90 2.54 

T o t a l  R a d i o a c t i v i t y  Recovered 6.22 5.92 5.88 5.91 5.79 5.83 5.60 5.60 5.84 
( E x t r a c t a b l e  + Bound 

+ Cumula t ive  V o l a t i l e s )  

1. I n i t i a l  a lanap c o n c e n t r a t i o n  i n  t h e  t e s t  s o i l  immed ia te l y  pos t - t rea tmen t  was 6.43 ppm (5.38 x 105 dpmlgm t e s t  
s o i l ;  S p e c i f i c  A c t i v i t y  = 37.7 uCi/mg). 

2. Average o f  two measurements a t  each sampl ing t ime.  
3. Not Analyzed; d e t e c t i o n  l i m i t  o f  LSC was 0.005 ppm. 
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TABLE 4 -  SUMMARY OF 1 4 ~ - ~ ~ ~ ~ ~ ~ ~ ~  (PPM~ ) AS DETERMINED BY HPLC ANALYSIS OF EXTRACTS OF SANDY LOAM S O I L  TREATED 
WITH 1 4 ~ - ~ ~ ~ ~ ~  AND INCUBATED UNDER AEROBIC CONDITIONS I N  THE DARK AT 25.1+0. l°C. 

A1 anap 5.98 5.51 4.93 4.70 3.62 2.53 2.78 1.61 0.23 

alpha-naphthylamine (1-NA) 0.14 0.11 0.03 0.05 0.03 N D ~  ND N D N D 

alanap imide 0.01 0.07 0.22 0.12 0.30 0.39 0.33 0.15 0.17 

4. 
00 

P --- - - -- .. - -- 
I 

1. I n i t i a l  Alanap concentrat ion immediately post-treatment was 6.43 ppm. 

2. Average of  two measurements a t  each sampling t ime. 
I 

3.  Not detected; de tec t ion  l i m i t  0.005 ppm. 
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F I G U R E  4 .  SCHEMATIC DIAGRAM OF AEROBIC S O I L  METABOLISM INCUBATION APPARATUS. 
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FIGURE 5 .  EXTRACTION PROCEDURE FOR SOIL SAMPLES. 

S o i l  Sample 

Ex t rac ted  3X w i  t h  Acetoni tri 1 e 
I 

propano1 :Water Ex t rac ts  Propano1:Water & Ext rac ted S o i l  

(pcoled, f i n a l  volume ' Re-extracted 3X w i  t h  
o f  30 rnl) I N  Sodium Hydroxide 

HPLC and TLC 

I 

Aceton i  tri 1 e Ex t rac ts  J. 
A c e t o n i t r i l e  Extracted S o i l  

.I. 
I N  Sodium Hydroxide Ext rac ts  

(pooled, f i n a l  volume 

r 

L 
Extracted S o i l  

(pooled, f i n a l  volume Re-extracted 3X w i t h  
o f  30 m l )  Propano1:Hater (70:30) 

Extracted i n t o  CHjCN 

Concentrated ( 5 X )  
LSC HPLC 2nd TLC Combus t ion/LSC 
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5.0 RESULTS AND TABLES - 

The precise initial concentration o f  alanap, determined by cmbustion 

immediately after application to the test soil (prior to extraction), was 6.4; 

ppm. The efficiency of the soil extraction methodology, base? on the recover;j 

of radiolabeled material (determined by combustion prior to  traction at eac5 

sampling interval), ranged from 92.9 to 104.9 Z. The materi2' balance 

(extractable + unextractable + cumulative volati les), ranged from 87.2 to 

96.9% of the ini tially-applied radioactivity (Table 1 ) .  

Alanap degraded with a half-life of 36.7 days (R '  = 0.9627) tased on 1 inear 

regression analysis (see Tables 3 and 4 and Figure 6). 

The metabolite alanap imide (AC-974-61) increased from 0.2% t: 6.1% of the 

initial ly-applied radioactivity (0.01 to 0.39 ppm) by Day 41 rien decreased tc 
2.7% (0.17 ppm) of the initially-applied radioactivity by Day 135. 
Alpha-naphthylamine (AC-974-60), present at 2.2: (0.14 ppm) c=  the 

initially-applied radioactivity on Day 0, decreased to 0.4% t, Day 30 and w6s 

not detected thereafter. 

C02 production (trapped in 5% sodium hydroxide solution) reacrsd 39.5% o f  

initial ly-appl ied radioactivity (2.54 ppm) by Day 135. No otrsr volatile 
metabolites were observed in either the ethylene glycol or 1M sulfuric acid 

trap. 

The temperature of the test soil was 25.1+0.1°~ during the s t ~ j y  period. 

Determination of the microbial activity of the soil used in tkjs study yielded 
6 the following results: T ~ t a l  bacteria, 4.58 x 10 colony forr'ng units 

5 (C.F.U.)/gram o f  soil; actinomycetes, 7.56 x 10 C.F.U./gm; f~:gi, 1.69 x 
4 10 C.F.U./gm (Appendix 8). 
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The r e s u l t s  of the aerobic  s o i l  metabolism of alanap'in sandy loam s o i l  a r e  
provided as  'percent  of  the  i n i t i a l  ly-appl ied r a d i o a c t i v i t y '  and ' ppmt in 

1 Tables 1-4. Copies of  the  individual  chromatograms showing detec t ion  of 
I alanap and i t s  so i l  metaboli tes  by HPLC a r e  in  Appendix 9 .  Each r e p l i c a t e  

s o i l  e x t r a c t  was analyzed by both UV detec t ion  a t  280 n m  and by r ad ioac t ive  
flow de tec t ion .  Concentration ca lcu la t ions  of alanap and i t s  soi 1 metaboli tes  
were made based on r e s u l t s  of the  HPLC analys is  w i t h  radioact'.de flow 
detec t ion  and LSC. Chromatograms of  the  developed TLC p l a t e s  i n  Appendix 10 
show alanap and i t s  metaboli tes  in the  various s o i l  e x t r a c t s .  

Page 25 of 144 
4 , l 3 * -  




