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The nitrogen content of solid or liquid fertilizers may be 
present as free ammonia (in liquid fertilizer only), ammonium 
nitrate or urea. It is suspected that ammonium nitrate may 
contain nitrite as s trace impurity. In Canada, mixtures of 
fertilizer and herbicide are commercially available and generally 
known as "weed and feed" products. Three of the many herbicides 
used to formulate these products are 2,4-D, mecoprop and dicamba 
all of which are present as the corresponding dimethylamine (DMA) 
salts. 

DMA and nitrite are the two necessary precursors of 
N-nitrosodimethylamine (NDMA) which has been found to be 
carcinogenic to test animals (Seller 1977; Borzsonyi et al. 1978). 
Thus a study was initiated to investigate whether NDMA is 
generated from mixtures of nitrogen fertilizers and herbicides 
present as the corresponding DMA salts and to determine the levels 
of NDMA in these mixtures. 

Several methods of analysis for NDMA, a volatile nitrosamine, have 
been reported (Bontoysn et al. 1979; WigfieId et al. 1987; Hindle 
et ai. 1987) incIuding the use of a gas-liquid chromatograph 
combined with a Thermal Energy Analyser (GC/TEA) or a mass 
spectrometer (GC/MS). The present paper reports the findings of 
this investigation using s published cIeanup method for 
N-nitrosodipropylamine in trifluralin formulations (Wotherspoon 
et sl. 1988) and a GC/TEA detection system. 

MATERIALS AND METHODS 

Standard soIutions of NDMA (0.1 mg/mL in ethanol or 0.06 ug/mL in 
10% ethanol in dichioromethane) were prepared by diluting the 
appropriate aliquots of pure NDMA (Sigma, St. Louis, Mo). 
Absolute alcohol was USP grade, dichiovomethsne was LC grade and 
water was purified with a Milli-Q system. 

Send reprint requests to Yuk Y. Wigfield at the above address 

847 



Silica gel 60 (Merck) was conditioned at 120~ slored in a 
desiccator containing drierite and used within 5 days. Sodium 
sulfate (BDH Chemicals) was Analav grade. 

A minicolumn using a disposable Bond Elut tube (3 mL, 
Analytichem, Harbour City, CA) was prepared as described by 
Wotherspoon el al. (1988) and was connected to a SPE vacuum 
manifold with a rack of lest tubes (16x125 mm). The column was 
washed under vacuum with dichloromethane (6 mL). 

To analyse NDMA in f e r t i l i z e r s  (Table I), a sample (5 g or 10 g 
for samples 1 and 5) in a 40 mL diposable centrifuge tube 
(Beeton, Dickinson & Co., Ma) containing water (10 mL) was shaken 
on a horizontal sample shaker (Eberbach, Ann Arbor, Mich.) and 
extracted with dichloromethane (2xi0 mL). The mixture was 
centrifuged for 5-10 min or until the two phases were completely 
separated and the organic phase was added into the minicolumn. 
The column was eluted with 10~ ethanol in diehloromethane 
(4.5 mL), the last 4 mL of which was collected and diluted to 5 mL 
with the same solvent system. 

Table 1. Fer t i l izers used to mix with 2,4-D DMA formulation 

Sample Available Physical  I Sample Available Physical  

no. N-P-K(1)(~) s ta te  ] no. N-P-K(1)(~) s ta te  

1 17-17-17 granules I 10 
29 0 liquid 2 NATQT. I 11 

3 granules I 12 
4 28-0-0 liquid l 13 
5 14-0-0 granules l 14 
6 26-0-0 granules I 
7 NA granules I (1) 
8 28-0-0 liquid I 
9 28-0-0 l iquid l (2) 

34-0-0 granules 
34-0-0 granules 
40-0-0 granuies 
34-0-0 granuIes 
46-0-0 granuies 

N-P-K = n i t rogen-  
phosphorous-potassium. 
NA = not ava i l ab le .  

To anaIyse NDMA in 2,4-D DMA sa l t  (Canadian Pest Control Product 
No. 11779, 500 g/mL), a sample (1 g) was mixed wi lh waler (6 mL) 
and extracted wi lh dich]ovomethane (2x3 mL). The ex t rac ts  were 
t reated in the same manner as those from the f e r t i i i z e r  sampies. 

To anaiyse NDMA in a mix ture o f  2,4-D DMA sa i l  and f e r t i l i z e r ,  a 
sample o f  f e r t i l i z e r  (5 g or 10 g for  samples 1 and 5) was mixed 
with 2,4-D DMA sa l t  (1 g) and water (10 mL) in a 40 mL disposable 
cent r i fuge tube and was stored at room temperature Jn a dark 
cupboard (Table 2).  A f te r  a spec i f i c  storage l ime,  
dichloromethane (10 mL) was added to the mixture and the r esu l t i ng  
so lu t ion  was t reated in the same manner as the f e r t i l i z e r  sampie. 

A l iquots  (1 uL) o f  ex t rac ts  from the minicolumns were in jec ted  
in to a GC/TEA. The GC column, i n j ec t i on  por t ,  helium c a r r i e r  gas 
and TEA vacuum were respec t i ve l y  maintained at 90~ 150~ 
10 mL/min and 1.0 mm Hg. A l l  other instruments and operat ion 
parameters were the same as prev ious ly  described (Wigf ie ld  e l  a l .  
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1987). Under these conditions, the retention time of NDMA was 
1.86 min. 

RESULTS AND DISCUSSION 

In Canada, mixtures of Fertilizers and herbicides, generally 
known as "weed and Feed", are populariy used in agricuIture 
and around gardens in urban areas. They can be formuIated with 
various combinations of fertiIizers and herbicides. Instead of 
anaIysing the actual commercial "weed and Feed" products which 
contain approximateiy 1% herbicides, it was decided to mix the two 
ingredients in the iaboratory, store the mixture at room 
temperature for a sufficient duration to aiiow the Formation of 
NDMA if the reaction conditions were Favorable and then anaiyse 
the mixture for NDMA. The reasons For so doing are: (a) to be 
able to obtain a reference Ievei of NDMA already present in 
the herbicide (0.24 ppm, see Table 2) and (b) to generate a 
worst-case scenario for the Formation of NDMA From the mixture, 
i.e., using higher weight ratios of fertiiizer containing nitrate 
and herbicide present as DMA salt oniy. If, under such 
conditions, generation of NDMA in the mixture is not observed, it 
can confidentIy be assumed that the commercial products wiil not 
generate NDMA under simiIar or iess favourabIe conditions. 

A c c o r d i n g l y ,  Fourteen s o l i d  or l i q u i d  f e r t i l i z e r s  from the  
Canadian market, containing available nitrogen in the range oF 

Table 2. The levels of NOMA in mixtures of Fertilizers and 2,4-D 
DMA Formulation 

Sample " Weight OF'mixture (g) Storage NDMA 

no. (1) Fer t i l izer  , 2t4-D DMA , time!days) (ppm) (2) 

1 10.196 0.505 10 ND (3) 
2 5.093 0.526 10 0.19 
3 5.000 0.510 10 0.20 
4 5.833 0.503 10 0.20 
5 10.237 0.503 10 0.22 
6 5.107 0.500 10 0.19 
7 5.034 0.528 10 0.19 
8 5 �9 066 0.51 2 10 O. 27 
9 5.755 0.506 7 ND 

10 4.993 0.507 7 0.20 
11 5.067 0.510 7 ND 
12 5.544 5.520 7 0.17 
13 5.090 0.517 7 0.22 
14 5.755 0.506 7 0.13 

0.0 0.500 7 0.23 
0.0  0.500 0 0.24 

(1) Same sample no. as in Table 1. 
(2) Based on content of 2,4-D DMA in the mixtures. 
(3) ND = Non-detectable with a detection Iimit of 0.05 ppm. 
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14-46% (Table 1), were mixed with herbicide containing 500 g/mL 
2,4-D DMA sail. The findings of NDMA in the mixlures and in 
herbicide, expressed in ppm relative to the weight of 2,4-D DMA, 
are shown in Table 2. 

Table 3. Percent recoveries of NDMA from fortified 2,4-D DMA 
formulation 

NDMA (ppm) Recovery (~) 
Presenl(A) Fortification(B) Found(C) (C-A)/B x 100 

Average 
SD (n=7) 
CV (n=7) 

0.24 0.59 0.80 95 
0 . 2 3  0.61 0.79 92 

0.24 0.59 0.77 90 
0.24 0 .59  0 .79  93 
0.23 0.57 0.71 84 
0.23 0.59 0.69 78 
0.23 0.32 0.55 100 
O. 23 90.3 
0.01 7.3 
0.02~ 8.1 

The cleanup method chosen for these samples was modified by 
Wolherspoon el a i .  (1988) from a pubIished method (Maybury et ai .  
1983) for the determination of N-nitrosodipropyiamine in 
l r i f l u r a l i n  formuIations. The recovery sludies conducted in 2,4-D 
DHA sa l t  (TabIe 3), f e r t i i i z e r s  (Tabie 4) and mixtures of 
f e r t i l i z e r s  and 2,4-D DMA sa i l  (Tabie 5) ,  the resu l t ing  standard 
deviat ion (SD) and coef f ic ient  of va r ia t ion  (CV) using standard 
s l a t i s t i c a i  calcuIat ions demonslrate that the method is  
appl icable to these samples. 

fable 4. Percent recoveries of NDMA from fortified fertilizers 

Sample NDMA (ppm) (1) Recovery (~) 
no. Present Fo r t i f i ca l i on (A )  Found(B) B/C x 100 

1 ND,2 , (  / 0.029 0 .023 81 
0.026 0 .024 89 

8 ND 0.060 0.048 80 
0.058 0.051 88 

9 ND 0.059 0.048 81 
0.058 0.050 86 

11 ND 0.058 0.052 89 
0.059 0.054 91 

12 ND 0.060 0.049 81 
Average (at 0.06 ppm, n=7) 0.050 85.1 
SD (n=7) 0.002 4.45 
CV (n=7) 4.43~ 5.23 
(1) Based on content of f e r t i i i z e r .  
(2) ND = Non-deteclable with a detect ion i i m i t  of 0.01 ppm. 
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Figure 1. 

Table 5. 

Sample 
n o .  

0.2 FSD 
B 

D 

c 

[ I I I I I 

0 2 4 6 0 2 4 6 

TIME (rain) TIME (rain) 

TEA response to NDMA i n :  (a) herb ic ide conta in ing  500 
g/L 2,4-D DMA s a l t ,  (b) mix ture of  f e r t i l i z e r  sample 8 
and herb ic ide ,  (c) f e r t i l i z e r  sample 1 spiked with 0.3 
ug NDMA, (d) NDMA standard (0.06 ng) and (e) f e r t i l i z e r  
sample 1. 

P e r c e n t  r e c o v e r i e s  o f  NDMA from f o r t i f i e d  m i x t u r e s  o f  
fertilizers and 2,4-D DMA formulation 

NDMA (ppm) ( I )  
Present(A) F o r t i f i c a t i o n ( B )  Found(C) 

Recovery (%) 
(C-A)/B x 100 

12 

Average 
SD (n=8) 
CV (n=8) 
(1) 

O. 24 O. 59 O. 8a 101 
0.24 0.59 0.75 87 
O. 20 O. 59 O. 70 85 
0.20 0.55 0.66 84 
0.24 0.58 O. 7/4 86 
0.24 0.58 0.72 80 
O. 18 O. 60 O. 72 91 
0.19 0.57 0.71 92 

88 
6.4 
7.2 

Based on content o f  2,4-D DMA in the mix tures.  

851 



The l i m i t  o f  detect ion (LOD) for f e r t i l i z e r  samples was def ined 
as 3 x SD of  sample spiked at 0.06 ppm and was 0.01 ppm (Table 
4) .  The l i m i t  o f  quan t i t a t i on  (LOQ) was defined as 10 x SD and 
was 0.02 ppm. S i m i l a r l y ,  the values of  LOD and LOQ for 2,4-D DMA 
were 0.02 and 0.05 ppm respec t i ve l y  (Table 3). Figure 1 shows 
the absence o f  chromatographic i n te r fe rences  in:  (a) 2,4-D DMA 
formulat ion (b) mixture of  f e r t i l i z e r  (sample 8) and herb ic ide  
and (c) F e r t i l i z e r  (sample 1) spiked wi th NDMA (0.3 ug).  

A l l  f e r t i l i z e r  samples were analysed for the presence o f  NDMA 
p r i o r  to mixing wi th herb ic ide using the described method. NDMA 
was not detected in any of  the samples. The i d e n t i t y  o f  NDMA in 
herb ic ide  and in the mixtures was confirmed by comparison o f  the 
TEA response time of  a standard so l u t i on  of  NDMA (Figure 1).  

Resuits in Table 2 show that NDMA levels in mixtures of 
f e r t i l i z e r s  and 2,4-D DMA stored at room temperature for  7 to 10 
days were w i th in  the a n a l y l i c a I  v a r i a t i o n  of  that  o r i g i n a l l y  
present in the herb ic ide .  Thus, i t  can be concluded that 
mixtures of  var ious f e r l i i i z e r s  and 2,4-D DNA s a i l  do not 
generate any s i g n i f i c a n t  add i l i ona l  NDMA. 
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