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SUM-Y 

Tris(Z34ibromopropyI)phosphate (IDP), acarcinogenic game retardant, inter- 
acts with ciiatomaceous supports and decomposes in 2 gas chromatographic cohmm 
Packed with low OV-1 loaded Gas-Chrom Q_ However, it is possible to determine 
amounts of TDP at the l&ng level with negligible decomposition by nsing a 50 cm x 
0.8 mm i-D_ column packed with 15% OV-1 on Gas-Chrom Q (100-120 mesh) and 
a game photometric detector_ The calibration graph is linear at levels of 15-300 ng of 
TDP, The effects of column temperature and ff ow-rate of carrier gas on the calibration 
graph for TDP were also studied_ It was found that eight typical flame-retardant 
phosphates can be well separated and determined simultaneously within 30 min by 
using this column. 

INTECODUCTION 

Tris@-dibromopropyl)phosphate (IYDP), the most widely used flame- 
retardant additive for polyester fabrics and polyurethane foams, has been shown to 
induce tumours in the kidneys of mice and rats and to exhibit mutagenicity to S&m- 
neZL-2 zypWiml-s_ Because of such to-xi&y, the Consumer Products Safety Com- 
mission in the U.S.A., followed by other countries includ.ing Japan, banned its usage 
for chiIdren’s sleepware Moreover, TDP has been shown to be toxic to goldfish at 
concentrations of about 750 ppb in watefl. Almost 300 tons/year of TDP were pro- 
duced in 1977 in Japan’. Hence it is impomt to investigate the fate of this carcinogen 
and its metabohtes in the environment_ 

Several methods for the determination of TDP have been reported. Thin-layer 
chromatography with a silver nitrate chromogenic spray for measuring TDP in a 
sewage sludge was reported by Gardnee. However, this method was not accurate 
enough for the determination of TDP even at levels of 100 ng, or for the separation 
of TDP from other related frame-retardant phosphates, e.g., tris(l&dichloroiso- 
propyI)phosphate. The liquid chromatographic determination of TDP in text&s by 
UV detection at 254 nm has also been renorted9, but this was neither sensitive 
(detection limit 6_25 pg) nor spec&_ Surpt&ngly, there are no reports on the gas 

0011-9673/80ftExkHWI ISOUS 0 1980 Elsevier !%ientitic Publish& (Zompany 



_ 

134 :_ -. A. NAKAMURA, S. K&&A, &6:-k K&J& 

chromatographic (CC) determination ofTDP, except for that by Gardners; h& stzted, 
“These GC techniques probably have not been recommended for the quantitative 
analysis of TDP because~of their lack of reproducibility and the instability of TDP 
at high GC temper&ures”. : 

We aIs& noticed this phenomenon and found it to be due mainly to solut+ 
support interactions. These interactions cause adsorption and/or decomposition of 
the solute, especially in trace analysis with a non-polar liquid stationary phaselO. The 
elimination of support activity has been etfected in a number of ways,’ e.g., vapour 
phase deposition of Carbowax 20M in the case of organophosphorus pesticides”, and 
repeated injection of a small amount of water followed by repeated injection of 
Silyl-8 column conditioner in the case of abscisic acid methyl ester12. 

In this paper, we report a feasible means of determining TDP at the lO-ng 
level with negligible decomposition by using a O&mm I.D. column packed with a 
high liquid loaded support_ 

EXPERIMENTAL 

Materials 
Tris(2,34bromopropyl)phosphate (TDP), tris(2-&loroethyl)pho&hate, tris- 

(chloropropyl)phosphate, tris(l,3-dichloroisopropyl)phosphate and tris(m- and p- 
cresyl)phosphate were purchased from Tokyo Kasei (Tokyo, Japan). Triphenyl- 
phosphate and tris(ocresyl)phosphate were obtained from Takeda (Osaka, Japan) 
and Daihachi (Osaka, Japan), respectively. These materials were of technical grade 
and were used without purification. Standard solutions were prepared by dissolving 
each phosphate in acetone and a l-p1 aliquot of the solution was injected into the 
gas chromatograph. Ethanol is not recommended as the solvent, because it accelerates 
the decomposition of TDP in the GC column. 

Applrarus and procedure 
The gas chromatograph was a Shimadzu GC-4CM-PF equipped with a flame 

photometric detector @her, at 526 run). Unless stated otherwise, the conditions were 
as follbws: injector and detector temperature, 260°C; column temperature, 225°C; 
carrier gas, nitrogen maintained at a flow-rate to give a retention time of TDP of 
6.0 min; hydrogen flow-rate, 120 ml/mm; air flow-rate, maintained so as to give the 
maximal sensitivity for TDP (in general, 80-90 ml/mm). No special precautions were 
taken in connecting a U-shaped column of I.D. 0.8 mm (0-D. 4.9 mm) and length 
50 cm to the chromatograph, and an ordinary glass insert tube of length 9 cm and 
I.D. 3 mm was used. 

Various packings were prepared by standard solution coating method with 
dichloromethane. Glass columns of various lengths and diameters were packed with 
gentle vibration and a vacuum and conditioned overnight at 250°C with a slight 
flow of nitrogen. The cohmms tested are listed in Tables I and II. 

RESULTS AND DISCUSSION 

Choice of liqividphase 

A high column temperature (above 200°C) is- necessary for the GC of TDP 
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LIQUID PIsAsS AND REFENiON TIMES OF SaME FLAME-RE'I'AEWAIC PHOSPHATES 

Glas+coIumnsof3~~nnLD_mn~_Collrmn~:1_5mforNos.1,2,3andl.OmforNo.4.Support: 
Gas-Ckom Q @O-100 mesh)_ 

1 2% ov-1 12%270 (4”C/min) 60 9.8 11.0 21.8 34.0 
2 3 % QF-1 1.50 60 10.6 10.0 

11.3 
125 

3 1.5% OV-1 + 2% QF-1 lsO-21s (2°Cimln) 240 6.0 5.7 21.9 58.6 
4 2%SikrSCP l65-230 (S’%/min) 80 7.2 4.3 14.9 --• 

l Compounds: A = triz(zchloroehy0phsphate; B = t&&hloropropyl)phosphate; C = trisUZ-di- 
drlorowpropyI)phcsphte; D = tri$2&dibromopropy0phsphate UDP). 

-* TDP HZ not chtcd. 

because of its low volatility; therefore several silicone polymers with Werent 
poIarities were tested as liquid stationary phases_ The results of preliminary tests on 
four flame retardants are summarized in TabIe I_ Tris(2chloroethyl)phosphate and 
t&(chloroproPyl)phosphate had almost identical retention times on 3 % QF-1. On 
2% Silar XP, TDP was not eluted_ Although the phosphates were well separated on 
both 2% OV-1 and 1.5% OV-17 f 2 % QF-I, the retention time of TDP on the latter 
was too long in spite of the high flow-r2k of the c2rrier s. QV-I was therefore 
selected as the liquid stationary phase for TDP. 

Amomts of foading andpackfng and c02untn performance 
All of the columns listed in Table 11 were evaluated by comparing the peak 

shapes and their reproducibilities for TDP and constructing calibration graphs. 
Fig. la shows the poor shapes of the chrom2to,orams obtained on long columns 
packed with the low iiquid Ioaded support, such as cohmm B (100 cm, 3 “A_ In this 
column TDP, even in amounts as high as 790 ng, decomposed and showed no si,tif- 

TABLE II 

OV-1 COLUMNS TESIED 

A 2 Chromosarb W AW DMCS 80-104) 3 100 
B 3 -=Q so-:00 3 100 
C 3 Gas-Chrom Q 80-100 3 30 
D 5 Gas-Chrom Q a&loo 3 1oG 
E 10 Gas-Chmm Q So-100 3 100 
F 15 Gas-Chcam Q 8@-100 3 so 
G 15 Gas-Chmm Q 80-100 3 30 
H I5 Gas-Chrom Q l&?-120* 0.8 50 

--i-he IOO-IBmcsh fmction wz.s obtained by sieving HI-lOO-mesh GasChrom Q coated dh 
15 % of ov-l_ This is not mlusua& &case the q%zaied rITeslIe ralges of commerciai supports 
anucatkrtI;aa~o~aftu~~asstrtedbycrvncrsetal~~~. 



icant peak, but in larger amounts (>3OtlOng) TDP gave an asy&&&&y - 
l&ding peak: I%e.calibration graph obtained with CoIumn -B was. not linear and far ’ 

. fron the id@ line, as shown in Fig. 2. Sometimes one can prepare low Edaded sup- 
ports that give a performance such as that of column A (2’%), w&h gav& re&sonabIe 
-chro&atog&ms, as shoyn +I .Fig.-lb;’ however, fkther tinditioning.~of t$ti .A. 
(at 290°C overnight) rtytlted in considerable deterioration of the column etlkiency 
(Fig_ lc), On the other hand, TDP showed a symmetrical peak on the chromatogram 
and good rep?oducibility on repeated injections OQ columns with a higher-liquid load- 
ing than 5% (Fig. Id). On comparing the calibration graph obtained with column C 
(3 %, 30 cm) with those obtained with wb,unns B (100 cm, 3 “%) and G (30 cm, 15 “%) 
in Fig. 2, .it is evident that the decomposition of TDP decreases with increasing 
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%- l- l+d~ h6e~ of TIJP obtained CO (2) d~mn B, (b) CO~UIIEI A, (c) column A f&a cun- 
ditioned at 29Q’C owxnight, (d) Cohn r) and (e) column H (cf-, Table II). 

amounts of liquid stationary phase and with decreasing amounts of support. These 
results can be explained by solute-support interactions. TDP decomposed at the 
active sites of the diatomaceous support, which were deactivated by the liquid 
stationary phase, particularly at high Equid loadings. This effkct of high liquid 
loadings has ken found to be greater with non-polar than with p.Aar liquid stationary 
pbase~“~- Cremer and HukxP also studied sdute-support interactions for Chromo- 
sorb P coated with various amounts of PEG 400, using ethanol as the test material, 
and reported that the interaction could stilI he measured at 15 oA loadi&. This is 
consistent with our finding that the calibration graph obtained with coIumn G, as 
shopin in Fig. 2, appioached the ideal he, but is still not entirely linear_ 

Usefuhzess of 0.8-m I.D. coi. packed with a high Liquid loaded suppar~ 
The requirement that the decomposition of TDP must be minimized by usiug 



A. NAKAMURA, S: KOJIMA, M.-A. IGWkA 

Fig. 2. Calibration graph for TDP obtained with various columns. - - - _ _ __ _ _ _, IdA 

graph: 0, column B; 0. column C; A, column D; x, column E; 0, co!umn G. 
calibration 

minimal amounts of high liquid loaded support results in an appreciable decrease in 
column performance. This paradoxical requirement led us to use a column of I.D. 
0.8 mm and length 50 cm, which was called a “micro-packed column” by Cramers 

Fig. 3. Caiibation graphs for TDP obtained with 15% OV-1 u~lumn~ of various sizes. 0. Cbl~mn 
H, 50 cm x 0.8 mm I.D. (HETP 0.058 cm); 0, column G, 30 cm x 3 mm I.D. @STP 0.12 cm); 
A, column F, 5Octn x 3 mm LD. (HETP 0.15 cm). 
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F= 4_ Jnilucaoz of coiumn tan~m and retention time on calibration graph for n>P obtained 
with cohmm H_ Nitrogen was u&Gned at a k&w-rate allowing a retention time of TDP of 6.0 
min (&id Lins) or 3.0 min (broken fines). Column temperature: 0.220; A. 230; q ?, 240; 3,2IO”C- 

et al.“. Fig. Ie shows the chromatograms of TDP obtained with cohunu H, the aicro- 
packed column with 15% 0V-1 on Gas-Cbrom Q (100-129 mesh, sieved after 
coating). TDP gave a sharp, symmetrical peak with good reproducibility on repeated 
injections. The height equivaient to a theoretical plate (EETP) with respect to TDP 
under the conditions used, Le., co!umn temperature 225”C, nitrogen flow-rate 10 ml/ 
mirr (retention time of TDP = 6 min), was 0.058 cm. This is a good value by normal 
GLC staudards. The relation between the slope of the calibration graph and the 
volume of the column clearly shows that the decomposition of TDP decreases with 
decreasing amounts of suppor& even at the high loading of 15 % (Fig_ 3). me cali- 
bration -mph obtained with column H is linear at levels of 15-300 ng of TDP (inter- 
secting the abscissa at rhe 3-5 ng level). The minimum detectable amount was 8 ng. 
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Hence it is concluded tb& co&n H is the best for determining trace amounts of TDP; 
As shown in Fig. 4, the peak art& decreased with incnqsing column- tern: 

perature and retention time, indicating that the decomp&iti~n of TDP is dependent 
on timperature and heating time (retention time in column). ‘At a constant tlowYrate 
of nitrogen (10 m.l/min), z+s shown in Fig. 5,. the calibration graphs were al&o& 
identical betw~ 220 and 230°C because the opposing cfkcts of temperature an4 
retention time cancel each other. 

Therefore, the recommended chromatographic u&&ions‘ for the determination 
of TDP are as follows: 15 oA OV-1 on Gas-Cbrom Q (100-120 mesh), 50 cm x 0.8 mm 
I.D. glass c&mm, nitrogen flow-rate 10 ml@in, column tetiperature 225°C. &je&or 
an$ detector temperature 26O”C, hydrogen flow-rate 120 ml/min and a% flow-r& 
90 ml/min. 

%;inally, Fig. 6 illustrates the separation of several flame-retardant phosphates 
using column H. They are well separated and- can be determined simultaneously 
within 30 min under the conditions described for Fig. 6. 

0 4 6 12 16 20 24 min 

I’: : : : : : 
.120’ 200. 240. 

Fig. 6. Separation of a mixtmx of the typical flame-retardant phosphates using cohunn H. Column 
.temperature, 120-240°C (programmed at .YC/min); nitrogen flow-rate. 10 ml/min: other conditions 
as in Experimental. Compounds: I = tributylphosphate (23.3 ng); 2 = tris(2chloroetbyl)phosphate 
(21.0 ng); 3 = tris&hloropropyl)phosphate (16.1 ng); 4 = trk(l,3-dichIoroisopropyl)phosphate (18.9 
ng); 5 = triphenylphosphate (9.9 ng); 6 = t&+x-es yl)phosphate (21.1 ng); 7 = tris(m- and p- 
cresyl)phosphate (27.7 ng); 8 = tris(2,3_dibromopropyl)phosphate (TDP) (30.2 ng). 
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