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ABSTRACT

Methods for the isomer-specific analysis of PCDDs, PCDFs and PCBs in a variety of
sample matrices including deduster sludge, soils, fragmentiser residues, slaked lime
scavengers and incinerator stack effluents derived from clinicael waste, dried sewage sludge,
bituminous coal etc. are described. Results indicate that the levels of higher chlorinated
dioxins contribute significantly to TEQ values for some of the sample analysed.
Iutroduction

The methods of determination for PCDDs, PCDFs and PCBs are largely dependent on the
sample matrix and rhe levels of analyte present.

The matrices encountered are varied and include incinerator stack effluents derived
from clinical wastes, dried sewage sludge, domestic refuse, bituminous coal ete., soils,
slaked lime scavengers and ambient air, for dioxins; and, fragmentiser residues, recyclable
wetals frow domestic appliances, and deduster sludge for PCBs.

The complexity of the analyses arises from the combinaton of matrices with high
levels of potential organic co-extractives, and relatively low levels of the target
analytes.

The 2,3,7,8-chloro substituted PCDDs and PCDFs are individually determined as are
nine PCB isomers including the 6 draft legislation isomers (1) and three of the most toxic
{2) non-ortho sobstituted isomers (Table 1).

In view of the high levels of co—extractives the analytical methodology is based on
thorough sample preparation with the use of both, high and low resclution mase

spectrometry.

Experimental
The internal standards used in the analyses are indicated in Table 1. All of these
were Carbon-13 labelled.
Additionally, 2,3,7,8-1cDDp (37c1, labelled) was used as a syringe standard
and, 1,2,3,46-T4C0D (13C;; labelled) was used as the internal sampling standard
(pre-sampling, filter spike).
General procedures for dioxin and PCB analyses are summarised in Fig. 1. GC-MS(SIM)

analyses were carried out on a Hewlett-Packard 5890A/MSD system or a VG 70/11-250J mass
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Table 1
List of Specific Analytes

PCDDs and PCDFs PCBs
2,3,7,8-T,COD - 2,44T,CB (28} -
1,2,3,7.8-P,COD - 2,5,2',5'-T,CB (52) ©
1.2,3,4,7,8-H,C00 3,4,3,4"T,CB  (77) -
1,2,3,6,7,8-H,CDD 2,4,5,2',5-P,CB {101) o
1.2,3,7,8,8-H,CDD (118)
1,2,3,4,8,7,8-H,CDD - (128} -
oCcDD - (138) -
2,3,7,8-T,COF « (153) o
1,2,3,7,8-P,CDF o (188) ©
2,3,4,7,8-P,COF - 2,3.4,5,2',4',5-H,C8 (180) .
1.2,3,4,7,8-H,CDF
1,2,3,8,7,8-H,COF
1.2,3,7.8,9-H,COF o R ‘. o,
2,3,4,8,7.8-H,CDF - recoveryrq
1,2,3.4.8,7,8-H,CDF o o - syringe standards
1,2,3,4,7,8,8-H,COF
OCDF o

Method of PCDD/PCDF Analysis

Addition of 13C-jabsiled internal recovery standards to
sampls matrix

Sexhiet axtraction of sample
{16H with Tolushe, using & prrextracted cellulosa thimble)

\j

ing of butk h
{Ruaction with acid modified silica and solvent exchange 1o
Hexens)

\J

Chremetopraphic puriiastion of axtrect
(Elution of mult-tasyer column with Hexsne - diraciiy to Florst
cotumn as shown: rejection of multicolumn and gradient
elutan of Flarsil column with increasing chioroform content.
Final OCM traction collected)

Y

Additien of syringe stantards
{Raduction to fingl *0iume and woivent sachangsd ta Nonane)

\/

GC-M3 anaiyaln
{HRGC with polar columny: HRMS or LAMS)

Figure 1
Method for PCB Analysis

Additien of d internal 4

{One for sCh congener group)

or Soxhlst on matrix
{18H Soxhist extraction with Hexans : Acetona, 41:58v/y,
using s pre-extracted celluioss thimbie. 3 x 30 min ultresonic
axtepation with M IS buiveni

\J

of Bulk
{Soivent sxchang# (o Hesane snd reaction with cancentrated
Suiphuric scid; 1:1, extrect : scla ratio)

Chremsti bon of axtract
[(Fiorisll column eluted with 12% Chigroform in Hexana)

\J

Asanion of vyriags standards
{Reducsion to final volume in Hexane}

Y

GC-ME analysis
(HRGC with nem-potar columns. LAMS)
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spectrometer coupled to an HP 5890 Series II gas chromatograph. A 0.22 x 60m SP2331 column
was used for the PCDD/PCDF analyses, while that for the PCB separations was a 0.22 x 60m
DB-5. The following GC oven temperature programmes were used:
PCDDs/PCDFs ~ 140°C for 1 min to 228°C at 17°C/min for 4 min, then 0.8°C/min to 245°C, then
. 1*C/min to 260°C, then 3°C/min to 275°C for 19 min.
PCEs - 60°C for 1 min to 190°C at 20°C/min for 4 min, then 1.4°C/min to 270°C, then
10°C/min to 285°C.

The m/z values of the ions monitored during the GC-MS(SIM) runs are well documenred
(5,6). Additionally, the following ions corresponding to the 13012 labelled PCB
isomers were monitored: m/z 268,270,302,304,338,340,372,374,406 and 408.

Similar positive identification criteria (3,4) were applied to all classes of
analytes. Quality control measures included random use of glassware for blanks, daily
pre-analysis monitoring of GC~MS performance evaluation standards, checks on recoveries of
sampling and quantitation standards and monitoring of lock mass and lock mass checks (for
HARGC-HRMS). Additionally, duplicate samples and an internal quality assurance sample were run

as a test of reproducibility and overall method performance.

Results and Discussion

The analytical methods described in this report are applicable to a wide variety of
sample types. Critical to the sample preparation stage is the screening of co-extractives,
the successful removal of which, greatly facilitates the chromatographic purification of the
extract.

Direct elution of the multicolumn to the FlorisilR column results in a shorter
analysis time as well as smaller analyte losses.

Prior to routine analysis the methods were extensively validated. Relevant data is
summarised in Table 2.

The results of dioxin and PCB determinations for a range of sample types is presented
in Table 3. Results of dioxin determination for a number of different matrices show ~ a. the
presence of the whole range of 2,3,7,8- substituted isomers and b. on a TEQ basis, significant
levels of the higher chlorinated PCDDs and PCDFs for some samples.

PCB results indicate that relatively higher level of moderately chlorinated isomers
(3,4 and 5-C1) are present in the samples analysed and that the levels of the co-planer PCBs
are generally lower with undetected levels of isomer 169.

The analytical methods described are well-validated and are generaly applicable to the
PCDD, PCDF and PCB analysis of a range of non-biological sample matrices with the results of
routine anlayses being confirmable by HRGC-HRMS.
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Summary of Validation Data

Table 2

1. PCDDs and PCDFs

Recovery Precision (Cov) Umitof
Range Mean Range Mean Detection
67-110% 83% I 4-13.7% 8.6% | 5pG-20pG

(LRMS)

2. PCBs

88-98% 93% r 4.8-12.6% 8.05% I 1pG

Leveis of Analytes Determined

1. PCDDs and PCDFs o

Table 3

Sample Mstrix
Ansiyte
stack sffuent steck effiuant stack effluest
sewags sludge domeslic refuse bitwminous coal
2,3,7.6-T,COD | 0.08 10.08) 0.84 (0.64) n.d. [sd
1.2.3.7.8-P.COD | 0.51 10.261 564 2.8 con:  Mmomm
1,2,3,4,7,8-H,C00 | 067  (0.0T) 7.00 (0.7} 0.003  (0.000%)

1.2,3,6,7,6-H,C00 | 1.21
1.2,3,7.8,0-H,C0D | 0.91
1,2,3,4,6,7,8-#,C00 | 19.83
QoCoD | 80.84

2,3,7,6-T,COF | 0.62
1,2,3,7,8-,C0F | 0.9
2,3,4,7,8P,C0F | 1.32

1,23,4,7,6-4,COF | 2.02

(0.12) 1501 (1.36)
10.08) 1077 (1.08)
(0.20) 107 .87

0.08) 410 t0.41)
{0.08) 573 (0.57)
{0.04) 2.33 .47}

(0.88) 13.9 (8.95)
0.20) 20 2.0

0.030  {0.0003)
0.025 ©

1,2,3,6,7.8-H,COF | 1.84 0.18) 18.4 {1.04) 0.018 (0.0M8
1,2,3,7.8,8-H,COF 5.94 {0.58) 4.38 (0.44) nd. o
2,3,4,0,7,8-H,COF | 153 (1.85) 48 e 0.020  (0.0020)
1,2,3.4,6,7,5-H,COF | 3.4 0.08) 108 {t.08) 0.033  (0.0008)
1,2,3,4,7,8,¢H,COF | od - 128 (LT 0.024  (0.0002)
OCOF e - (nm.} - nd. [ ]
2. pcoe @
Sample Matrix
Analyte Fregmentiser Aecyclable Oomestic
residue sludge matals refuse
o0 11200 25 £
340 8000 16 100
33 390 2.7 ]
230 8140 83 190
na r nd. ad.
2,3,4,2°,4",5-H.CB o8 2380 8.2 123
2.4.5.7.4,6-H,CB £ 1890 14 T
“H,CB nd. ad. nd. na
2,3,4,5,2'.4",5-H,C0 1”7 400 1.2 15

© Lavels in ng m? (2,3,7,8-T,C00 equivalents)

O Levels in pg kg

n.d. - not detscted
N.M. - NOA WSt rbd

178

Organohalogen Compounds 4

1990






