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APPENDIX K-1 �
STACK SAMPLING REFERENCE METHODS �

EPA ~ETHODS 2-5 EXAMPLE CALCULATIONS (English Units) �

1. Metered Gas Sample Volume at Standard Conditions 

Pa + tiH 1 
V = V xyx 528 ,c 13.6 

m(sld) m 29.92 Tm + 460 

2. � Gas Volum/3 of Water Vapor Collected in lmpinger Liquid 

Vv.t:Cstdl = (v, - vJ x 0.04707 

3. � Gas Volume of Water Vapor Collected in Silica Gel 

Vwspestd) = (w, - wJ><0.04715 

4. Moisture Volume Fraction in Flue Gas 

B = Vwc(stdl + Vwsg(&ld'J 

ws Vwc(stdl + VWIQ(stdl + Vm<stdl 

5. · Moisture Volume Percentage in Flue Gas 

%H20 = Bws x 100 

6. Absolute Pressure of Flue Gas 

pstatic 
p =Pa+-

s 13.6 

7. � Nitrogen Content of Flue Gas 

%N2 = 100 - (%CO2 + %02 + %CO) 

8. � Dry Molecular Weight of Flue Gas 

Md = 0.44>eo/oC02 + 0.32><%02 + 0.28X(o/oN2 + %CO) 

M

9. Wet Molecular Weight of Flue Gas 

8 = Mdx(1 - BwJ + 1BxSws 
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EPA METHODS 2-5 EXAMPLE CALCULATIONS - continued 

10. Concentra~ion at 7% 0 2 

C =C;x 20.9-7.0 
7 

I 20.9-%02 

11. Average Gas Velocity, fUsec 

(T + 460)112 

V = 85.49 X C X (f1P 112
) X -·--

• P •YO {P, X MJ1 12 

12. Area of Round Duct or Stack 

,rxD 2 
A1 = -- (round ducts) 

4X144 

13. Actual Volumetric Flow Rate of Flue Gas 

Q
8 

= v,xA,x6Q 

14. Flow Rate of Flue Gas at Standard Temperature and Pressure 

Q = Q x[ P,x528 l 
' 

8 {T, + 460)x29.92 

15. Dry Flow Rate of Flue Gas at Std. Temperature and Pressure. 

Q_, = Q,x(1 - B.,,j 

16. lsokinetic Variation 

TV
o/o#=Q,Q945QX • m(atrf) 

P8v.An0<.1-BwrJ 
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NOMENCLATURE FOR EPA METHODS 2-5 EXAMPLE CALCS �

As 
Ar, 
Bws 
cp �
c·

I �

C1 
Ds 
.D.H 
.D.P 
Fe 
y 
%1 
L 
Mo 
Ms 
Pa �
Ps �
Pstatic 
Qa 
Qs 
Qs:J 
Tm 
Ts 
V1 

v, 
vm 
vm(std) 
vs 
vwclstd) 
Vwsg(std) 
w 
W1 

w, 
%02 
%CO2 
%CO 
%N2 
%EA 
e 

= Stack area, ft2 
= Cross-sectional area of nozzle, ft2 

= Moisture volume fraction 
= Pitot tube coefficient ( =0.84) 

= Stack gas concentration, as measured, in ng/dscm 
= Stack gas concentration, adjusted to 7% oxygen, in ng/dscm 
= Stack diameter, inches 
= Average meter orifice pressure, in.W.C . 
= Pitot tube differential pressure, in.W.C . 
= Combustion factor 

= Meter calibration factor, gamma 
= lsokinetic Variation, percentage 

= Length of rectangular stack or duct, inches 
= Dry molecular weight, lb/lb-mole 
= Wet molecular weight, lb/lb-mole 
= Barometric pressure, in.Hg 

= Absolute stack pressure, in.Hg 
= Average static pressure, in.W.C. 
= Actual gas flow rate, acfm 

= Standard gas flow rate, scfm 
= Dry standard gas flow rate, dscfm 
= Average meter temperature, °F 
= Average stack temperature, °F 
= Final impinger volume, ml 

= Initial impinger volume, ml 
= Uncorrected metered gas volume, def 
= Corrected gas volume, dscf 

= Average gas velocity, ft/sec 
= Gas volume of water caught in impingers, scf 
= Gas volume of water .caught in silica gel, scf 

= Width of rectangular stack or duct, inches 
= Final silica gel mass, grams 
= Initial silica gel mass, grams 
= Dry volumetric concentration of 0 2, %dv 

= Dry volumetric concentration of CO2, %dv 

= Dry volumetric concentration of CO, o/odv 

= Dry volumetric concentration of N2, o/odv 
= Percent excess air 
= Total sampling time, minutes 
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K FACTOR FOR ISOKINETIC SAMPLING 


NOMENCLATURE 

= Nozzle Diameter, inches D" 
6Ha = Orifice Meter Coefficient, in. W.C. 
cp = Pitot tube coefficient ( =0.84) 
Bws = Moisture volume fraction 
Md = Dry molecular weigtit, lb/lb-mole 
Tm = Average meter temperature, °F 
Ms = Wet molecular weight, lb/lb-mole 
PS = Absolute stack pressure, in.Hg 
Ms = Wet molecular weight, lb/lb-mole 
Ts = Average stack temperature, °F 
Pm = Meter Absolute Pressure, in.Hg 

(Assume Pm= P8 , the barometric pressure) 
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APPENDIX K-2 �
EXAMPLE CALCULATIONS FOR PCB A.~AL YSIS �

1. Concentration of the PCB compounds in the air sample. 

Ats X � RFn X Ws 

where: 

Ci � concentration ofunlabeled PCB congeners in the front halfor back 
halfextract (pgldscm), 
sum ofthe integrated ion abundances ofthe quantitation ions for 
unlabeled PCBs, · 
sum ofthe Integrated ion abundances ofthe quantitation ions for the 
labeled internal standards, 
quantity, in pg, ofthe internal standard added to the sample before 
extraction, 

calculated mean relative response factor for the analyte, RF" 
w, � volume ofair sampled (dscm). 

2. � Concentration of a native PCB analyte in an emission sample is computed by summing 
the concentration of the front half and the back half, as follows: 

Concentration in emission sample (pg!dscm) = C/lt + Cbh 

where: 
Cft = Concentration of the compound in the front half (pg/dscm), calculated per Equation 1. 

Cblt = Concentration of the compound in the back half (pgldscm). calculated per Equation 1. 

3. � Concentration of the PCB compounds in the sludge extract 

Ais X � RFn X 

where: 

Ci concentration ofunlabeled PCB congeners in the sample (pglg, dry 
weight), 

Ai sum ofthe integrated ion abundances ofthe 9uantitation ions for 
11nlabeled PCBs, 

A.. - sum ofthe integrated ion abundances ofthe 9uantitation ions/or the 
labeled internal standards, 

Qu 9uantity, in pg, ofthe internal standard added to the sample before 
extraction, 

RF~ calc11lated mean relati11e response factor for the analyte, 
w, = weight ofsample extracted (g, dry weight}, 
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4. Concentration of the PCB compounds in the scrubber water extract 

where: 

ex concentration ofunillbeled PCB congeners in the sample (pg/I,}, 
Ax = sum ofthe integrtlled ion abundances ofthe quantitation ions/or 

unlabeled PCBs, 
A;, = sum ofthe integrated ion abundances ofthe quantitation ions for the 

labeled internal standards, 
Q,, = quantiJy, in pg, ofthe internal standard added to the sample before 

extraction, 

RF. calculated mean relative response factor for the ana{11e, 
v, volume ofsample extracted (L). 

S. � Calculate the percent recovery of the internal standards measured in the sample extract, 
using the formula: 

Ats X Qn
Percent recovery = �--------""""',,,_.. x 100 

Qis x An xRFis 

where: 

A;, = sum ofthe integrated ion abundances ofthe quantitation ions for the 
labeled internal standard, 

An sum ofthe integrated ion abundances ofthe quantitation ions for the 
labeled recovery standard, 

Qu = quantity, in pg, ofthe internal standard added to the sample before 
extraction, 

Q., = quantity, in pg, ofthe recsvery standard added to the cleaned-up 
sample residue before HRGCIHRMS analysis, and 

RF,. • calculated mean relative response factor for the labeled internal 
standard relative to the approprlllte recovery standard. 

Calculate the percent recovery of the cleanup standard similarly. 

6. 	 Accuracy 

Accuracy is defined as the agreement between a measurement and the actual (i.e., true) value. 
Accuracy is expressed as the percent recovery ofan analyte that has been used to fortify an 
investigative sample (XAD resin) or a standard matrix (e.g., analyte free water) at a known 
concentration prior to analysis, and is expressed by the following form~la: 
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A -AOAccuracy= % Recovery= T x l 00 
AF 

where: 

Total amount found in fortified sample or standard 
Amount found in unfortified sample 
Amount added to sample. 

Laboratory accuracy will be assessed through the analysis of matrix spikes and surrogate spikes 
and the determination of percent recoveries. 

7. Precision 

Precision is defined in EPA Requirements for Quality Assurance Project Plans for Environ
mental Data Operations, U.S. EPA QA/R-5, as the measure of mutual agreement among 
individual measurements of the same property, usually under prescribed similar conditions 
expressed generally in terms of analysis of samples relative to the average of those results for a 
given analyte using the formula: 

(Y 

%RSD=-x100 
X 

where: 

%RSD = Relative standard deviation 

cr = Standard deviation of the triplicate sample results 

X = Average of the triplicate results. 


8. Completeness 

Completeness is a measure of the relative number of analytical data points that meet all of the 
acceptance criteria for accuracy, precision, and any other criteria required by the specific 
analytical methods used. The level of completeness can also be affected by loss or breakage of 
samples during transport, as well as external problems that prohibit collection of the sample. 
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C1nonnatl, OH Onlfl TftS1 Report 

Air Waler 
PCIIC- Table 2·2 Air Table 2-12 Wate,ln 

R2 Rl R4 Me8n so %RSD WIR4 WI R2 WIR3 Mean so %RSD 
25.130 21696 7.151 17.992 9.545 SS.NI 021 0.158 0.168 0.178 0028 15.UD 
2669 2.455 0.945 2.0;/3 0.940 41.451 1.809 0.89 0.491 1.030 0.7118 74.535 
0.399 0.340 0.137 0289 0134 •1. .211 0.2.5 023] 0068 0.182 0.099 54.341 
5.721 5268 2.211 4.400 1909 4u11 3.N7 1.201 1.085 2.038 1.5118 71.171 
0.120 0.112 0038 0090 0045 511.23• 0109 0.177 0.0]2 0.108 0.073 11.440 
o.700 0.584 0 211 0.398 0264 11.352 NO 002• 0.007 0018 0.012 77.554 
01145 05115 0356 0.522 0.149 21.581 0.227 0.243 0.085 0.185 0087 47.011 
0.221 0.179 0079 0.180 0.073 .5.117 0.081 0.168 0.265 0.177 0.102 57.7.. 
0.388 0.337 0 136 0.287 0.133 41.423 0.129 0.1911 0.044 0.119 0071 10.070 
0.580 0.467 0 140 0.389 0'21 51.701 0009 0.027 0.006 0.014 0.011 11.127 
1.081 0.966 0 437 0.828 0.343 41.411 0.115e 0.105 008 0.117 0 044 '7.110 
2~90 2 374 06511 1.973 0.980 4'.185 0.37 0.338 019 0.299 0 096 32.011 
0.095 0.076 0044 0.072 11.028 35.N5 001] 0.029 0.009 0.017 0.011 92.253 

Air Sa\Jbber Water 
DIF Tal>te2·6 Air Inlet Water In 

R2 R3 R4 Mean so %RSD WIR2 WIRJ WIR4 Mean 'SD %RSD 
2.3.7.8-TCOO S 0.098 0.087 0034 O.Ot5e 0.032 41.241 ND ND ND ,r\/AlUEI IDMOI IDIV/01 
TotelTCOO 3.024 3.534 0.719 2.429 1.500 11.133 ND 0.002 NO 0002 IOIV/01 SDIV/01 
1,2.3.7,8-PCDO 0.017 0013 0005 0.012 0.008 12.372 ND ND NO 
TolalPCOO 0.708 0.658 0.188 0.517 0.288 55.321 ND ND NO 
1,2.3,4,7.11-HxCDO 0.015 0015 0006 0.012 0.005 43.301 ND NO NO 
1,2.3.8,7,IMfxCOO 0.038 0.039 0013 0.030 0.015 41.lOS ND NO NO 
1.2,3,7,8,IHtxCOO 
Tolal HaCOD 

0.039 
0.808 

0.035 
0583 

0016 
0324 

0.030 
0.504 

0.012 
' 0.157 

•o.K1 
I 31.050 

ND 
ND 

ND 
NO 

ND 
NO 

~ 1,2.3,4,8,7,11-HpCOD 0204 0.203 0.093 0.167 0.064 :11.271 NO NO ND .... Total HpCOO 0.459 1.453 0.237 0.718 0.848 IO.llt ND NO NO .... OdllCOO 0.317 0.303 0.14 0.253 0.098 :111.142 0.04 0.012 0.018 0.023 0.015 11.111 
TotelCOO 5.11] 8.469 1.808 4.397 2.508 51.053 0.04 0013 0.018 0.023 0.015 14.342 

2.3.7.B-TCDF I 1.583 1.237 0.533 1.118 0.535 47.174 NU ND ND 
Totel TCDF 5.807 4 879 2.571 4.352 1.585 31.411 ND 0002 NO 0002 IOIV/01 IDIV/01 
1,2.3,7,11-PCDF 0.195 0.15 0.087 0.137 0065 47.212 ND NO ND 
2 .3.•. 7 ,11-PCDF 0.389 0.282 0.123 0285 0.134 50.571 NO ND ND 
To4alPCDF 4 933 3 666 1 536 3.378 1.717 50.114 NO ND ND 
1.2.3.4.7.1-HxCDF 0226 0.178 0.091 0.165 0068 •1 .•74 NO ND ND 
1,2,3,8, 7 ,11-H.COF 0081 0.068 0035 0.061 0.02] 31.1ff NO ND ND 
2.3.4.9.7.8-H.CDF 0.126 0.097 0.051 0091 0.038 4UD1 ND ND ND 
1.2,3.7.8,9-HxCDF ND NO ND NO NO IVALUEI NO NO ND 
TolalHxCDF 1.129 0.880 0 41 01105 0.384 45.173 ND NO ND 
1.2.3.4,8.7.11-HpCOf 
1,2,3.4,7 .8.9-HpCOF 
TolalHpCOF 
OdoCDF 

0223 
0022 
0.328 

0 09 

0.1B-4 
0017 
0261 
OOAl 

0.102 
0009 
0.136 
0.042 

0.170 
0.018 
0 242 
0072 

0.062 
0007 
0.097 
0.028 

31.4G1 
40.114 
40.324 
ll.111 

ND 
ND 
NO 
NO 

0.001 ND 
ND NO 

0.004 0.003 
ND ND 

o.oo, 0.001 20.203 

Total COF 12084 9.768 4 697 8850 3178 42.113 0092 0.005 0003 0033 0.051 152.450 
TolatCOO + COF 17.197 16237 6 305 13.249 8031 .5.521 0.132 0.002 0.019 0.051 0.071 138.551 
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WIW 

WOR2 WOR3 WOR4 - SD 
WllorOut 
~SD 

Sluclge 
SR2 SR3 SR4 l'arl SO 

lllnltl• 
%RSD 

PCIIConao

4.115 
O.IMI 
0.157 
1.171 
0.08' 
0.135 
0249 
0.111 
0.151 
0.113 
0284 

1.137 
0.942 
0.074 
1.272 
0.022 
0.0411 
0.118 
0.033 
0.08 

0.041 
0.143 

2.52 
0.854 
0.124 
1.621 
0.05 

0 0111 
02311 
0.083 
0.125 
0 09tl 
0.2911 

2.841 
0.814 
0.119 
1.523 
0.053 
0.093 
0200 
0.078 
0.114 
0.081 
0235 

1.2on4 
0.156897 
0.0417119 
0.219105 
0.D32083 
0.04471 

0.073323 
0,04319 

0.0491183 
0034034 
0.081'611 

a.417 
11.152 
!5.315 
1011 
I0.111 
41.015 
!1.I01 
55.1!1 
41.112 
!l.422 
34.H7 

40 899 
7.015 
0.891 
1225 
0.231 
1.118 
1.772 
0.472 
0.878 
0.4 53 
2 .5?6 

41.098 
7.389 
0 674 

13,497 
0 278 
1.214 
1.8113 
0.565 
0.9€8 
0.601 
2.512 

45 388 
7.2119 
0 738 

12.1156 
0 241 
1.479 
1.878 
0.538 
0.959 
0.858 
2.776 

42.480 
7231 
0.701 

12.868 
0.2411 
1270 
1.844 
0524 
0.935 
0570 
2.825 

2.535818 
0.1931129 
0.033151 
0823582 
0.0236211 
0.188977 
0.082184 
0.047585 
0.049588 
0.10499 

0.133061 

1.172 
2.171 
4.721 
4.
un 

14.711 
U12 
l.07S 
5.361 

11.411 
5.170 

3,3',4,4'-tel,-obtphe,,'j! (TC8) (PCB-77) 
2,3,3',4,4'i*1-ol>ll>he,tyl (PeCB) (PCB-105) 
2,3,4,4',~-phenyt (PeCB) (PCB-114) 
2,3',4,4',5-tachlo<obtphertyl (PeCB) (PCB-1111) 
2',3.4,4'.5-18chtoroblpl,enyt (PeCB) (PCB-123) 
3,3',4,4',~oblphenyt (PeCB) (PCB-128) 
2,J,3',4,4',5-Mxadllor0blphenyt (H.CII) (PCB-158)jl 
2,3,3',4,4',5'-Muchloroblphenyt (HxCBI (PCB-157)1 
2.3',4,4',5,S'·hex~yt (H•C8) (PCR-187) 
3,J',4,4',5,5',hel<OChlomt>iphenyt (H1C8) (PCB-169) 
2,2',J,3',4,4',~oblphe,tyl (HpCB) (f'CB.170) 

0. 0 3118 0.853 0.588 0.179001 !O.H8 6 002 8 78 8.711 8.498 0.430844 1.121 2,2',3.4,4',S,5'-heptachloroblohenyt (HpCB) (PCB-180) 
0.03 0.014 0.044 0.029 0.015011 51.114 0.181 0.198 0.218 0.199 0 01852 1.367 2,J,3',4,4',S,5'~~ (HpCBJ(PCB-1891 

.....,._., 
°"""' WOR2 WOR3 WOR4 _, SO 

WolorOul 
,.RSD 

Sludae 
SR2 SRJ SR4 ,.._ SO 

Sludoo 
%R5D 

0/F 

0.00II 0.013 0.014 0.012 0.003 22.141 NO NO ND NA NA rlALUl!I 2,3,7,1-TCDO II 
o.475 o.e21 0.2n 0.524 0275 SU11 O.OBII 0.083 0.095 0.082 0.014 11.417 TotalTCIJO 

ND NO NO NA NA rlALIIEI NO NO ND NA NA rlALUEI 1,2,3, 7 ,11-PCDD 
0.048 0 057 f0.0119) rlALUEI 0.008 rlALUEI O.OJ 0.023 0.03 0.028 0.004 14.IOI Total PCDO 
0.002 ND 0.003 0.003 0 001 21.2M ND ND 0.008 0.008 IOIVIOI IIDIY/01 1,2,J,4,7,ll·H.COO 
0.003 NO 0.008 0.005 0.002 47.140 0.015 0.0111 0.031 0.021 0.009 JI.HT 1,2.3,1,7 ,11-HIICDO 

10.0031 NO 0.008 f\lALUEI IDIV/01 IDIV/01 0.027 0.024 0.04 0.030 0.009 21.IJI 1,2,3,7,11,9-H.CDD 
(0.02111 0.054 0.102 IVALUEI 0.034 rlALUEI 0.128 0.135 0.02 0.094 0.084 U.:M2 TolllHxCOO 

~ 
I... (0.0111 

0.021 
0.025 
0.053 

0.032 
0.074 

IVALUEI 
0 051 

0.005 rlALUl!I 
0.024 41.HS 

0.229 
0431 

0.2111 
0.52 

0.3114 
0.702 

0.2911 
0.551 

0.0711 
0.1311 

Jt.412 
25.070 

1,2,J,4,8,7,11-HpCOD 
Total HpCDO 

"' 0.03 0.059 0.047 0.045 0.015 S2.14S 2.51 2.6118 3.6119 2.962 0.138 21.45S OdllCOD 
G.111111 1.043 0.815 0.739 0284· !UH 3.1117 3.449 4.533 3.711 0.721 11.40S TotalCOD 

0.111 0.222 0.2511 0.220 0.0311 17.DN 0.028 0.03 0.039 0.032 0.008 11.122 2,3,7,11-TCOF I 
0.124 1.12 0.11611 0.937 0.1110 17.011 0.078 0.09ll 0.12 0.097 0.022 22.134 TolalTCDF 
0.014 0.025 0.025 0.021 0.008 21.770 ND ND 0.013 0.013 IDIV/01 IDIVIDI 1,2.J,7,11-PCDF 
O.D211 0.045 0.053. 0.042 0.012 21.117 0.008 0.009 0.013 0.010 O.OOJ 21.4SI 2,3,4,7,11-PCOF 
0.311 0.493 0.495 0.435 0.103 23.144 003 0.095 0.183 0.09ll 0.087 11.277 Total PCDF 
0.012 0011 0.025 0.0111 0.007 ,1.1.. 0.014 0.019 0.03 0.021 0.008 Jt.171 1,2,J,4,7,11-HxCDF 
0.005 O.OOT 0.011 0.008 0.003 31.141 ND 0.008 001 0008 0.003 35.355 1,2,3,11,7,9-H•CDF 

(0.008) 
ND 

0.013 0.017 
ND ND 

fl/All/El 0.003 IYALUEI 
NA NA rlALUEt 

0.008 o:ooe 0.013 
ND ND ND NA 

0.009 
NA 

0.004 40.112 
IYALUEI 

2,3,4,8,7,1-HxCDF 
1,2,3,7,11.9-H•COF 

0.048 o.oe 0.113 O.OISO 0.033 40.451 0.0911 0.117 0.171 0.129 0.0311 21.0S T0181 Hl<CDF 
0.012 0.02 0025 0.0111 0.007 34.513 0.132 0.159 0.222 0.171 0.048 27.00I 1,2,3,4.8,7,ll·H!>CDF 

ND ND ND NA NA rlALUl!I NO ND ND NA NA IVALUl!I 1,2,3,4,7,11,9-HpCDf 
0.017 
0.008 

0.0211 ID 035) 
10.3911 0008 

II/All/El 
3.470 

0.008 rlALUEI 
5.9911 172.151 

0239 
0.313 

0.2114 
0.34 

0.377 
0441 

0.300 
0.315 

0.070 
0.087 

2!.4SI 
11.502 

Tolal HpCDF 
Oc11 CDF 

1.121 1 733 1.4111 1424 0.308 21.412 0.7511 0.932 1272 0.987 0.262 21.515 TotalCDF 
'1,1119 2.771 I 9113 2.193 0 512 !3.:M1 3.923 4.381 5.80S 4.703 0981 20.111 Tolal COO + CDF 

~ 
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Air Con, , 7%0xygen WA1-05 
Dloxln/Furan Results Draft Test Report 
MSD Incinerator Test 

Cincinnati, OH 

9/3/99 

Uncom,cted Concentration ng/dscm Corrected Concentration ngldscm �
Analyte Run2 Run3 Run4 Run2 Run3 Run4 �
Dioxin• �
2,3,7,8-TCDD # 0.107 0.067 0.034 0.209 0.118 0.063 �
TotalTCDD 3.025 3.534 0.719 5.922 6.218 1.333 �
1,2,3,7,8-PCDD 0.017 0.013 0.005 0.033 0.023 0.009 �
Total PCDD 0.706 0.658 0.188 1.382 1.158 0.348 �
1,2,3,4,7,8-HxCDD O.Q15 O.Q15 0.006 0.029 0.026 0.011 �
1,2,3,6,7,8-HxCDD 0.038 0.039 0.013 0.074 0.069 0.024 �
1,2,3, 7 ,8,9-HxCDD 0.039 0.035 0.016 0.076 0.062 0.030 �

Total HxCDD 0.606 0.583 0.324 1.186 1.026 0.600 �

1,2,3,4,6,7,8-HpCDD 0.204 0.203 0.093 0.399 0.357 0.172 �

TotalHpCDD 0.459 1.453 0.237 0.899 2.557 0.439 �

OctaCDD 0.317 0.241 0.14 0.621 0.424 0.259 �

Total COD 5.113 6.469 1.608 10.010 11.382 2.980 �

Furans 
2,3,7,8-TCDF # 1.583 1.236 0.533 3.099 2.175 0.988 

~. · TotalTCDF 5.607 4.879 2.571 10.977 8.585 4.765 ... 
1,2,3, 7 ,B-PCDF 0.195 0.15 0.067 0.382 0.264 0.124 �

2,3,4,7,8-PCDF 0.389 0.282 0.123 0.782 0.496 0.228 �

Total PCDF 4.933 3.666 1.536 9.658 6.450 2.647 �

1,2,3,4,7,8-HxCDF 0.226 0.178 0.091 · 0.442 0.313 0.169 �

1,2,3,6,7,8-HxCDF 0.081 . 0.066 0.035 0.159 0.116 0.065 �

2,3,4,6,7,8-HxCDF 0.126 0.097 0.051 0.247 0.171 0.095 �

1,2,3,7,8,9-HxCDF ND ND ND ND ND ND �

Total HxCDF 1.126 0.879 0.41 2.204 1.547 0.760 �

1,2,3,4,6,7,8-HpCDF 0.223 0.184 0.102 0.437 0.324 0.189 �

1,2,3,4,7,8,9-HpCDF 0.022 0.017 0.009 0.043 0.030 0.017 �

Total HpCDF 0.328 0.261 0.136 0.642 0.459 0.252 �

·Octa CDF 0.09 0.083 0.042 0.176 0.146 0.078 �

12.084 9.768 4.697 23.657 17.187 8.705 �

~ 

TotalCDF �
Total CDD + CDF 17.197 16.237 � 6.305 � 33.667 28.569 11.685 

' 0 2 Concentration � R2 Formula: Uncorrected • 13.9/7 .1 

Correction Fqn. � R3 Formula: Uncorrected• 13.9/7.9 
R4 Formula: Uncorrected• 13.9/7.5 



9/24/99 Air Correction '" , . ixygen WA 1-05 
PCB Results Revised Draft Test Report 

MSD Incinerator Test 
Cincinnati, OH 

7%02 WHO Toxic Equivalent 
Uncorrected Concentration ngldscm Corrected Concentration ngfdscm TEFs Corrected Concentration ngfdscm 

Analyte Run2 Run 3 Run 4 Run 2 Run3 Run4 Run2 Run 3 Run 4 
PCB-77 15.623 10.681 4.275 30.586 18.793 7.923 1.00E-04 3.06E-03 1.88E-03 7.92E-04 
PCB-105 2.669 2.455 0.945 5.225 4.320 1.75~ 1.00E-04 5.23E-04 4.32E-04 1.75E-04 
PCB-114 0.389 0.340 0.137 0.762 0.598 0.254 5.00E-04 3.81E-04 2.99E-04 1.27E-04 
PCB-118 5.722 5.268 2.211 11.202 9.269 4.098 1.00E-04 1.12E-03 9.27E-04 4.10E-04 
PCB-123 0.121 0.111 0.038 0.237 0.195 0.070 1.00E-04 2.37E-05 1.95E-05 7.04E-06 
PCB-126 0.700 0.584 0.210 1.370 1.028 0.389 0.1 1.37E-01 1.03E-01 3.89E-02 
PCB-156 0.645 0.565 0.213 1.263 0.994 0.395 5.00E-04 6.31E-04 4.971:-04 1.97E-04 
PCB-157 0.221 0.179 o·.019 0.433 0.315 0.146 5.00E-04 2.16E-04 1.57E-04 7.32E-05 
PCB-167 0.388 0.337 0.136 0.760 0.593 0.252 1.00E-05 7.60E-06 5.93E-06 2.52E-06 
PCB-169 0.559 0.467 0.141 I 1.094 0.822 0.261 0.01 1.09E-02 8.22E-03 2.61E-03 
PCB-170 1.080 0.966 0.437 2.114 1.700 0.810 1.00E-04 2.11E-04 1.70E-04 8.10E-05 

PCB-180 2.689 2.374 0.856 5.264 4.177 1.586 1.00E-05 5.26E-05 4.18E-05 1.59E-05 

~ PCB-189 0.095 0.076 0.044 0.186 0.134 0.082 1.00E-04 1.86E-05 1.34E-05 8.15E-06 
_. 
U1 

0 2 Concentration R2 Formula: Uncorrected* 13.917.1 Corrected * TEF = TEO Concentration 

Correction Eqn. R3 Formula: Uncorrected* 13.917.9 Concentration 
R4 Formula: Uncorrected* 13.917.5 



1124199 Conoontmtlon Correc1lon to Sta, Volume and 7% Oxygen WA1--05 
PAH Ai1 t(u:,u" . 

MSD lncinerato, Test 
Clnclnnatt, OH Results 
MSD lncinerato, Teat 

Cincinnati, OH 

Lab Concenlnlllan (~) Sampled Volume (dscm) 

~ Run2 Run3 Run4 Run2 Run3 Run4 
PAHs 
~ 180 130 28 1 41!2 1.555 1.675 
ArlflAltlllhl¥w 1700 2000 260 1.462 1555 1.875 
An-. 210 82 93, 1 462 1.555 1 875 
Benzo(•)•nllw-111 1311 390 82i 1462 1.555 1.675 
8enzD(b)lluoranlhene 1210 1030 268 1.482 1.555 1.675 
Benzo(lc)lluonlnlhene 1110 1182 157 1462 1.555 1.675 
Benzo(g.h,l)l)elylene 340 209 65 1.482 1.555 1.675 
Benzo(•Jw
Benzo(•Jw-
ClwyNnll 

110 
9200 
3500 

53 
10340 
'1011 

0 
270 
463 

1.462 
1.482 
1.462 

1.555 
1.555 
1.555 

1.675 
1.675 
1.875 

Oibanrll(a,h)lllllhracane 105 78 21 1.462 1.555 1.675 
Riarantlllne 3953 3933 933 1.462 1.555 1.875 
FllaMe 1500 1700 130 1.462 1,555 1.675 
lndano(1,2,3-c,d~ 357 2116 74 1.482 1.555 1.875 
2~ 32040 30037 1327 1.462 1.555 1.875 
Naphlhllana 451700 380530 210440 1.482 1.555 1.875 

~ 370 0 57 1.462 1.555 1.875 

':" 
Py!.
Phe.181'1h111111 

2643 
33130 

2427 
33000 

400 
8000 

U82 
1.462 

1.555 
1.555 

1.875 
1.875 

~ 

(7) 

Unccmlcled Concenlnttlon • Lab Cone. (ng/11Bmpla) / Sample aliquot volume (dsan) 

(dry, aid mndlllona) 

Revised Draft T es1 Report 

Unoorrecled Concentration Comlcted Concentration 
Run2 Run3 Run4 Run2 Run3 Run4 

109.4391 113.80129 15.52239 214.2541 147.0959 28.76816 
1182.791 1268.174 155.2239 2276.449 2283.014 287,6816 
143.6389 52.73312 55.52239 281.201111 92.78359 102:9015 
93.02326 250.6039 48.95522 182.1111 441.26711 00.73035 
627.6334 Be2.3794 158.806 11120.2911 1165.452 294.3204 
759.2339 3111.4146 03.73134 1486.31111 635.907 173.7154 
232.55111 134,4051 50.74627 455.2699 236.485 94.04975 

75.2394 34.0836 0 147,2997 59.98986 0 
6292.711 81149.5111 181.194 12319.81 11899 76 296.7463 

2393.9111 1335.691 268.3582 4686.808 2350.14 534.4239 
71.61943 48.6746 12.53731 140.6042 65.99455 23 23582 

2703.63 23311.334 557.0149 5293.414 4110.766 1032.334 
1025.092 1093.248 77.81194 2008.832 1923.582 143.8408 

244.186 165.9184 44.1791 478 0544 291.9269 81.87861 
21915.18 I 19316.4 792.2386 42904.38 33987.08 1468.263 
306960.3 244713.6 125835.6 6048118 430572.4 232645.1 
253.076 0 34.02965 495.4825 0 63.068611 

1801.1911 15110.n2 292.5373 3539.209 2748.168 542.1692 
22860.74 21221.68 4776.119 44383.98 37339.74 6851.741 

0, Concentration R2Fonnula: Uncooected • 13.9/7. 1 

Correction Eqn. R3Formula: Uncorrected• 13.9/7.9 
R4Formula: Uncorrected 0 13.9/7.5 
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Table L-1. CEM (?ally Results 

co•, ppmdv 1380 . 1170 l 1130 . 1230 �

b T 1 � 1�
THC, ppmdv 70.6 l 54.2 l 37.5 i 54. 1 �
••••••••••••••••••••ooouooooooo•••••• •••••••••••••••••••••••••••••-••••••••~••••••••••••••••n•••••••••••••••••••••~••••ooouoo•ooooooooooooooooooouo•-••"•••••••••••••••••••••••••••••· ••••••••. � : : :
CO2 ,% v 6.16 i 5.50 i 5.07 i 5.24 ................................. .... . : � t : .. ... ............. �

1�0 , % V � 13.7 ! 13.Q [ 13.4 j 13.4 

' � CO, CO2, and 0 2 analyzer data calibration corrected from 1-minute averages during the 360 �
minute sampling run. �

b � THC analyzer date calibration corrected from the arithmetic average of hourly reported values 
from MSD during the sampling runs. 

.L-2 �



L-1-1 �
CEM Daily Results · �
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METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INCINERATOR �

LINEARITY CHECK �
.JULY 19, 1999 �

Starting 
07-19-99 

02 CO2 
%dv !l.dv 

Time ' 

12:21 4.07 4.82 
12:22 0.11 0.78 
12:23 0.06 0.57 
12:24 0.09Z 0.16Z 
12:25 21.06H 17.90H 
12:26 15.01 13.58 
12:27 11. 71M 10 .-93M 
12:28 0.06 0.17 
12:29 0.02 0.13 
12:30 0.01 0.12 
12:31 0.03 0.14 
12:32 0.01 0.13 
12:33 0.02 0.13 
12:34 0.15 0.22 
12:35 -0.00 0.11 
12:36 0.00 0.11 
12:37 0.05 0.11 
12:38 0.15 0.12 
12:39 4.00 0.14 
12:40 5_97· 0.15 

co 
ppmdv 

-3.32 
-3.32 
-1.63 
o.ooz 
0.00 
0.00 
0.00 

2129.00 
3042.00 
3005.00H 
29,53.00 
1376.00 

911.00L 
1060.00 
1742.00 
1819.00M 
1820.00 
1815.00 
1815.00 
1814.00 

L-4 
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METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INCINERATOR �

LINEARITY CHECK 
JULY 20, 1999 

Starting 
07-20-99 

02. CO2 
lkdv !lsdv 

Time '• 

-

07:56 0.00 0.10 
07:57 o.ooz 0.1oz 
07:58 3.25 2.20 
07:59 21.06H 18.05H 
08:00 18.96 16.35 
08:01 11.80M 10.96M 
08:02 19.61 17.27 
08:03 11.98 10.98 
08:04 12.66 11.48 
08:05 14.76 2.13 
08:06 18.82 13.68 
08:07 21.31 17.40 
08:08 11.68 11.00 
08:09 11.32 10.94 
08:10 0.32 0.52 
08:11 0.05 0.11 
08:12 0.03 0.10 
08:13 0.08 0.14 
08:14 0.03 0.10 
08:15 0.04 0.12 
08:16 0.01 0.10 
08:17 0.01 0.10 
08:18 0.01 0.10 
08:19 o.oo 0.10 
08:20 0.00 0.10 
08:21 0.00 0.09 
08:22 0.00 0.10 
08:23 0.00 0.09 
08:24 0.04 0.12 
08:25 0.02 0.10 
08:26 0.02 0.09 
08:27 0.00 0.09 
08:28 0.26 0.15 
08:29 7.09 0.14 
08:30 8.39 0.14 

co 
ppmdv 

3971. 00 
254.00 

6.07Z 
5.73 

-4.86 
0.39 

-5.65 
-5.37 

2.18 
659.20 

2568.00 
1.26.50 

-4.25 
-5.03 

2592.00 
5890.00 
4771.00 
1933.00 
1897.00 
2097.00 
3075.00 
4231.00 
5009.00 
5799.00 
5922.00H 
5909.00 
4343.00 
1806.00 
1878.00L 
1756.00 
2027.00 
3016.00 
3105.00M 
2922.00 
1183.00 

l-5 



METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INCINERATOR �

LINEARITY CHECK 
JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
tdv %dv 

Time ~ 

09:01 8.26 0.57 
09:02 8.05 0.57 
09:03 7.20 0.56 
09:04 1.08 0.19 
09:05 o.ooz O.llZ 
09:06 6.23 5.23 
09:07 10.72 8. 76 
09:08 20.99H 18.46H 
09:09 16.69 14.45 
09:10 11. 75M 11.12M 
09:11 0.07 0.15 
09:12 0.08 0.13 
09:13 0.06 0.11 
09:14 0.00 0.09 
09:15 0.05 0.10 
09:16 -0.00 0.09 
09:17 0.00 0.09 
09:18 -0.01 0.09 
09:19 -0.01 0.09 
09:20 -0.01 0.08 
09:21 -0.01 0.08 
09:22 -0.01 0.08 
09:23 0.06 0.10 
09:24: 1.24 0.25 
09:25 0.22 0.11 

co 
ppmdv 

1550.00 
1550.00 
1539.00 

619.50 
-0.45Z 
-2.29 

4.59 
-6.60 
-6.43 
82.60 

5532.00 
5676.00H 
2986.00 
1878.00L 
1808.00 
2957.00 
4689.00 
5881.00 
3975.00 
1908.00 
2724.00 
3106.00M 
3100.00 
3040.00 
1343.00 
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METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INCINERATOR �

LINEARITY CHECK �
JULY 22, 1999 

Starting 
07-22-99 

02 CO2 
ldv %dv 

Time '• 

06:41 9.26 0.57 
06:42 1.48 0.18 
06:43 0.00 0.10 
06:44 o.ooz O.llZ 
06:45 15.16 8.26 
06:46 20.81H 17.96H 
06:47 20.10 17,28 
06:48 11. 53L 10.91L 
06:49 6.80 6.79 
06:50 0.03 0.13 
06:51 0.01 0.10 
06:52 0.02 0.09 
06:53 0.16 0.11 
06:54 -0.00 0.09 
06:55 -0.00 __ o. 09 
06:56 0.11 0.09 
06:57 -0.00 0.09 
06:58 0.06 0.09 
06:59 -0.07 0.08 
07:00 8.38 · 3.31 

co 
ppmdv 

1571.00 
870.00. 

75.60 
3.63Z 
7.16 
1.01 

-6.32 
-5.65 

105.70 
4458.00 
5925.00H 
5894.00 
3896.00 
1898.QO 
1852.00L 
2273.00 
3045.00M 
2008.00 
474.10 
394.40 
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Marker Description � Display Average 

A Data was Absent from original raw data file. ./ �
C CYLINDER GAS AUDIT ./ �
D DELAY FOR SAMPLING TRAIN TROUBLESHOOTING ./ 
H HIGH CALIBRATION GAS ,/ 
L LOW CALIBRATION GAS ./ 
M MID CALIBRATION GAS ./ 
p SAMPLING POINT ./ ,/ 
R � RESPONSE TIME I 
z � ZERO CALIBRATION GAS -· ./�

Data was not used in calculated parameter averages.�* 
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L-2 �
r)ue Minute Data Printouts �
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Daily Data 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2 
-·% dv %dv 

Time ·

15:01 14.25 4.85 
15:02 14.25 4.85 
15:03 14.18 4.89 
15:04 14.23 4.87 
15:05 14 .18 4.90 
15:06 14.18 4.89 
15:07 14.17 4.92 
15:08 14 .12 4.96 
15:09 14.18 4.92 
15:10 14 .23 4.89 
15:11 14.24 4.89 
15:12 14.28 4.87 
15:13 14.23 4.89 
15:14 14 .24 4.88 
15:15 14.16 4. 94
15:16 14 .13 4.97 
15:17 14.09 s.o.o 
15:18 14.04 5.04 
15:19 14 .11 4.99 
15:20 14.14 4.96 
15:21 14.09 4.99 
15:22 14.01 5.06 
15:23 14. 04 5.05 
15:24 13.98 5.10 
15:25 14.04 5.05 
15:26 13. 97 5.10 
15:27 13. 99 5.08 
15:28 13. 94 5.11 
15:29 13. 90 5.15 
15:30 13.90 5.16 
15:31 13.84 5.22 
15:32 13.88 5.17 
15:33 13.83 5.20 
15:34 13.86 5.18 
15:35 13.86 5.18 
15:36 13. 89 5.15 
15:37 13.89 5.15 
15:38 13 .90 5.14 
15:39 13.89 5.14 
15:40 13.87 5.17 
15:41 13.83 5.19 
15:42 13.94 5.10 
15:43 14.00 5.03 
15:44 13.99 5.05 
15:45 13.99 5.03 

2A �

co 
ppmdv 

H07. 00 
1395.00 
1389.00 
1391. 00 
1353.00 
1399.00 
1403.00 
1380.00 
1392.00 
1413.00 
1438.00 
1436.00 
1425.00 
1395.00 
1408.00 
1445.00 
1429.00 
1416.00 
1419.00 
1444.00 
1435.00 
1400.00 
1404.00 
1411.00 
1378.00 
1362.00 
1377.00 
1353. 00 
1370.00 
1375.00 
1370.00 
1368.00 
1364.00 
1377.00 
1397.00 
1390.00 
1425.00 
1426.00 
1434.00 
1447.00 
1461.00 
1465.00 
1471. 00 
1463.00 
1444.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2 
' ·'% dv %dv 

Time -

15:46 13.97 5.05 
15:47 14.06 4.98 
15:48 14.10 4.94 
15:49 14.01 5.01 
15:50 13.99 5.02 
15:51 13.97 5.04 
15:52 14.03 4.98 
15:53 14.09 4.95 
15:54 14.19 4.86 
15:55 14.10 4.93 
15:56 14. 09 4.94 
15:57 13.99 5.02 
15:58 13.78 5.14 
15:59 13.66 5.23 
1-6:00 13.55 5.32 
16:01 13.39 5.45 
16:02 13.33 5.49 
16:03 13.30 5.50 
16:04 13.27 5.53 
16:05 13.16 5.62 
16:06 13.15 5.65 
16:07 13.22 5.60 
16:08 13.25 5.59 
l6:09 13.36 5.50 
16:10 13.35 5.51 
16:11 13.36 5.50 
16:12 13.29 5.57 
16:13 13.24 5.62 
16:14 13.18 5.66 
16:15 13.29 5.58 
16:16 13.36 5.51 
16:17 13.29 5.57 
16:18 13.~0 5.48 
16:19 13.36 5.53 
16:20 13.37 5.52 
16:21 13.37 5.53 
16:22 13.47 ·5.45 
16:23 13.43 5.48 
16:24 13.44 5.46 
16:25 13.47 5.43 
16:26 13.57 5.37 
16:27 13.61 5.33 
16:28 13.63 5. 30 
16:29 13.58 5.32 
16:30 13.56 5.34 

2A �

co 
ppmdv 

1447.00 
.1447. 00 
1462.00 
1466.00 
1446.00 
1425.00 
1470.00 
1494.00 
1476.00 
1449.00 
1403.00 
1422.00 
1405.00 
1387.00 
1407.00 
1387.00 
1398.00 
1398.00 
1426.00 

·1429.00 
1422.00 
1407.00 
1371.00 
1353.00 
1379.00 
1387.00 
1403.00 
1416.00 
1-444.00 
1455.00 
1456.00 
1462.00 
1462.00 
1459.00 
1465.00 
1449.00 
1469.00 
1465.00 
1453.00 
1430.00 
1419.00 

· 1398. 00 
1394.00 
1415.00 
1393.00 

L-12 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2.. 
. % dv %dv ..

Time 

16:31 13.56 5.35 
16:32 13 .41 5.47 
16:33 13.45 5.43 
16:34 13. 50 5.41 
16:35 13.58 5.35 
16:36 13.46 5 .45 
16:37 13.51 · 5 .40 
16:38 13.67 5.27 
16:39 13.65 5.27 
16:40 13.68 5.24 
16:41 13. 7-7 5.16 
16:42 13.77 5.16 
16:43 13.76 5.18 
16:44 13.77 5.16 
16:45 13.76 5.17 
16:46 13. 79D 5.15D 
16:47 13.71D 5.22D 
16:48 13.68D 5.23D 
16:49 13.69D 5.23D 
16:50 13.71D 5.22D 
16:51 13.61D 5.31D 
16:52 13.64D 5.29D 
16:53 13.72D 5.20D 
16:54 13.63D 5.28D 
16:55 13.54D 5.36D 
16:56 13.44D 5.44D 
16:57 13. 55D 5.34D 
16:58 13.41D 5.44D 
16:59- 13.42D 5.44D 
17:00 13.29D 5.55D 
17:01 13.23 5.61 
17:02 13 .18 5.65 
17:03 13.13 5.69 
17:04 13.21 5.62 
17:05 13.18 5.67 
17:06 13.21 5.64 
17:07 13.35 5.54 
17:08 13.46 5.44 
17:09 13.48 5.44 
17:10 13.60 5.34 
17:11 13.68 5.28 
17:12 13.74 5.23 
17:13 13.76 5.21 
17:14 13.83 5.16 
17:15 13.85 5.15 

2A �

co 
ppmdv 

1376.00 
1353.00 
1377.00 
1396.00 
1398.00 
1384.00 
1381.00 
1392.00 
'1397. 00 
1428. 00 
1457.00 
1457.00 
1487.00 
1503.00 
1507.00 
1537.00D 
1546.00D 
1543.00D 
1536.00D 
1522.00D 
1500.00D 
1496.00D 
1476.00D 
1446.00D 
1437. OOD 
1428.00D 
1429.00D 
1415.00D 
1394.00D 
1398.00D 
,1373. 00 
1355.00 
1337.00 
1352.00 
1341.00 
1337.00 
1334.00 
1346.00 
1337.00 
1339.00 
1377.00 
1344.00 
1360.00 
1358.00 
1333.00 

l-13 



METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2 
~ 

% dv %dv 
Time .. 

-

17:16 13.90 5.10 
17:17 13.96 5.06 
17:18 13.96 5.05 
17:19 14.05 4.97 
17:20 14.12 4.90 
17:21 14.16 4.87 
17:22 14.14 4.87 
17:23 14.18 4.83 
17:24 14.17 4.85 
17:25 14.15 4.87 
17:26 14.20 4.82
17:27 14.26 4.76 
17:28 14.25 4.75 
17:29 14.21 4.79 
17:30 14.28 4.73 
17:31 14.27 4.73 
17:32 14.29 4.71 
17:33 14.23 4.74 
17:34 14.39 4.60 
17:35 14.37 4.62 
17:36 14.33 4.65 
17:37 14.23 4.73 
17:3"8 14.22 4.73 
17:39 14,12 4.81 
17:40 14. 09 4.84 
17:41 14.04 4.87 
17:42 14.09 4.85 
17:43 14.03 4.89 
17:44 13.99 4.92 
17:45 14.06 4.86 
17:46 14.00 4.90 
17:47 13.85 5.02 
17:48 13.87 5.02 
17:49 13.71 5.15 
17:50 13.65 5.20 
17:51 13.52 5.30 
17:52 13 .49 5.34 
17:53 13.48 5.33 
17:54 13.50 5.31 
17:55 13.48 5.35 
17:56 13.42 5.39 
17:57 13. 39 5.40 
17:58 13.30 5.48 
17:59 13.27 5.52 
18:00 13.24 5.54 

2A �

co 
ppmdv 

1309.00 
1297.00 
1286.00 
1269.00 
1269.00 
1248.00 
1267.00 
1288.00 
1299.00 
1308.00 
1317.00 
1313.00 
1334.00 
1347.00 
1370.00 
1377.00 
1378.00 
1412.00 
1443.00 
1457.00 
1486.00 
1477.00 
1474.00 
1469.00 
1469.00 
1457. 00 
1471. 00 
1450.00 
1471.00 
1459.00 
1449.00 
1449.00 
1413.00 
1416.00 
1428.00 
1425.00 
1441. 00 
1444.00 
1453.00 
1442.00 
1461.00 
1465.00 
1449.00 
1478.00 
1475.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

,02 CO2 
% dv %dv 

Time '• 

18:01 13 .32 5.50 
18:02 13 .40 5.42 
18:03 13.42 5. 41 
18:04 13.46 5. 39 
18:05 13.36 5.45 
18:06 13.43 5.39 
18:07 13.47 5.37 
18:08 13.44 5.41 
18:09 13.52 5.35 
18:10 13.55 5.33 
18:11 13. 58 5.28 
18:12 13.54 5.33 
18:13 13.55 5.32 
18:14 13.52 5.34 
18:15 13.53 5.35 

195 MinAvg 13.77 5.18 

Data Corrected for Calibrations 
195 MinAvg 13.57 5.13 

2A 

co �
ppmdv �

1465.00 
1478.00 
1467.00 
1460.00 
1463.00 
1470.00 
1482.00 
1513.00 
1543.00 
1551.00 
1564.00 
1607.00 
1599.00 
1563.00 
1570.00 

1416.02 

1392.23 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 2A 

JULY 20, 1999 

Calibrations: 

[CO2 ] Span Value= 20 
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 11. 01 

INITIAL CALIBRATION TIME --> 1424 
LOW Cal. Response = 0.12 HIGH Cal. Response = 10.99 

FINAL CALIBRATION TIME ----> 1823 
LOW Cal. Response= 0.15 HIGH Cal. Response = 10.93 

LOW System Drift = 0.13 % HIGH System Drift = -0.34 % 

[CO ] Span Value= 6000 
LOW Calibration Gas - 0.00 HIGH Calibration Gas 1809.0Q 

INITIAL CALIBRATION ~IME --> 1424 
LOW Cal. Response= 4.13 HIGH Cal. Response= 1847.30 

FINAL CALIBRATION TIME ----> 1823 
LOW Cal. Response= 0.00 HIGH Cal. Response= 1831.30 

LOW System Drift= -0.07 % HIGH System Drift= -0.27 % 

[02 ] Span Value= 25 
LOW Calibration Gas= 0.00 HIGH Calibration Gas-= 

INITIAL CALIBRATION TIME ---> 1424 
LOW Cal. Response= 0.17 HIGH Cal. Response= 11. 80 

FINAL CALIBRATION TIME----> 1823 
LOW Cal. Response= 0.11 HIGH Cal. Response= 11. 59 

LOW System Drift= -0.21 % HIGH System Drift= -0.83 % 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2 
% dv %dv 

..Time 

18:31 13.37 5.74 
18:32 13.45 5.69 
18:33 13.44 5.70 
18:34 13.38 5.76 
18:35 13.47 5.67 
18:36 13.58 5.58 
18:37 13.56 5.59 
18:38 13.57 5.59 
18:39 13.64 5.53 
18:40 13.68 5.50 
18:41 13.69 .5.49 
18:42 13.70 5.50 
18:43 13.76 5.45 
18:44 13.81 5.40 
18:45 13.92 5.32 
18:46 13.88 5.34 
18:47 13.84 5.36 
18:48 13.90 5.30 
18:49 13.91 5.31 
18:50 13.91 5.31 
18:51 13. 93 5.28 
18:52 13.94 5.26. 
18:53 13. 93 5.27 
18:54 13. ~4 5.26 
18:55 14.01 5.22 
18:56 14.10 5.14 
18:57 13.99 5.23 
18:58 14.02 5.23 
18:59 ·- 14.12 5.14 
19:00 14.11 5.14 
19:01 14.10 5.15 
19:02 14.08 5.16 
19:03 14.11 5 .·14 
19:04 14.10 5.15 
19:05 14.14 5.12 
19:06 14 .14 5.13 
19:07 14.13 5.12 
19:08 14.24 5.03 
19:09 14.26 5.03 
19:10 14.26 5.00 
19:11 14.29 4.99 
19:12 14.33 4.97 
19:13 14.35 4.95 
19:14 14.34 4.95 
19:15 14.32 4.97 

2b 

co 
ppmdv 

1422.00 
1439.00 
1430.00 
1419.00 
1421.00 
1430.00 
1415.00 
1406.00 
1378.00 
1387.00 
1389.00 
1375.00 
1373.00 
1389.00 
1397.00 
1412.00 
1415.00 
1426.00 
1440.00 
1441.00 
1434.00 
1435.00 
1433. 00 · 
1426.00 
1410.00 
1375.00 
1356.00 
1353.00 
1341.00 
1354.00 
1374.00 
1374.00 
1382.00 
1379.00 
1387.00 
1389.00 
1418.00 
1449.00 
1453.00 
1453.00 
1446.00 
1428.00 
1426.00 
1394.00 
1386.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

.. 02 
· % dv 

CO2 
%dv 

Time .. 
.. 

19:16 14.36 4.93 
19:17 14.39 4.92 
19:18 14.46 4.85 
19:19 14.45 4.86 
19:20 14.40 4.89 
19:21 14.39 4.91 
19:22 14.34 4.96 
19:23 14.29 5.00 
19:24 14.25 5.03 
19:25 14.24 5.03 

-· 19:26 14.28 5.01 
19:27 14.31 4.98 
19:28 14.29 5.00 
19:29 14.31 4.97 
19:30 14.15 5.11 
19:31 14.08 5.16 
19:32 14.03 5.22 
19:33 13.98 5.27 
19:34 13.91 5.33 
19: 35 13.94 5.31 
19:36 13.92 5.33 
19:37 13.80 5.43 
19:38 13.67 5.55 
19:39 13.60 5.63 
19 :40 13.60 5.64 
19:41 13.59 5.65 
19:42 13.65 5.60 
19:43 13 .62 5.61 
19:44 13.46 5.74 
19:45 13.50 5.73 
19:46 13.48 5.75 
19:47 13.54 5.71 
19:48 13.62 5.61 
19:49 13.60 5.63 
19:50 13.59 5.65 
19:51 13.52 5.72 
19:52 13.48 5.74 
19:53 13.55 5.68 
19:54 13.58 5.67 
19:55 13.60 5.67 
19:56 13".56 5.70 
19:57 13.62 5.66 
19:58 13.64 5.64 
19:59 13.63 5.65 
20:00 13.59 5.68 

2b 

co 
ppmdv 

1398.00 
1402.00 
1390.00 
1404.00 
1405.00 
1395.00 
1402.00 
1397.00 
1397.00 
1423.00 
1435.00 
1445.00 
1438.00 
1424.00 
1416.00 
1442.00 
1442.00 
1414.00 
1390.00 

'1383.00 
1381.00 
1370.00 
1365.00 
1360.00 
1350. 00 
1376.00 
1395.00 
1431.00 
1450.00 
1482.00 
1483.00 
1456.00 
1450.00 
1479.00 
1502.00 
1510.00 
1505.00 
1502.00 
1475.00 
1453.00 
1429.00 

'1423.00 
1394.00 
1383.00 
1384.00 

.
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

,T1.,"I,Y 2 0 , 19 9 9 

Starting 
07-20-99 

.02 CO2 
·% dv %dv 

Time 
.. 

20:01 13.61 5.69 
20:02 13.56 5.70 
20:03 13.59 5.69 
20:04 13.63 5.64 
20:05 13. 62 5.66 
20:06 13.69 5.61 
20: 07 13. 69 . 5. 61 
20:08 13.87 5.46 
20: 09 13.94 5.42 
20:10 13.93 5.43 
20:11 13.89 5.48 
20:12 13. 99 5.42 
20:13 14.15 5.28 
20:14 14.20 5.25 
20:15 14.16 5.27 
20:16 14.24 5.22 
20:17 14.34 5.14 
20:18 14.40 5.09 
20:19 14.39 5.08 
20:20 14.39 5.08 
20:21 14,45 5.01 
20:22 14.37 5.08 
20:23 14.39 5.06 
20:24 14.37 5.06 
20:25 14.45 4.98 
20:26 14.49 4.94 
20 :27 14.46 4.96 
20:28 14.36 5.02 
20 :29 14.29 5.10 
20:30 14.38 5.01 
20:31 14.36 5.02 
20 :32 14.33 5.03 
20:33 14.36 5.00 
20:34 14.43 4.95 
20:35 14.36 5.00 
20:36 14.35 5.01 
20:37 14.31 5.03 
20:38 14.29 5.04 
20:39 14.32 5.01 
20:40 14 .31 5.02 
20:41 14.34 4.99 
20:42 14.26 5.05 
20:43 14.33 4.99 
20:44 14.27 5.06 
20:45 14.31 5.01 

2b 

co 
ppmdv 

1374.00 
1381.00 
1373.00 
1348.00 
1358. 00 
1356.00 
1343.00 
1359.00 
1370.00 
1382.00 
1396.00 
1432.00 
1418.00 
139.7.00 
1421. 00 
1_409.00 
1383.00 
1370.00 
1358.00 
1374.00 
1374.00 
1343.00 
1312.00 
1307.00 
1303.00 
1302.00 
1295.00 
1300.00 
1321. 00 
1335.00 
1308.00 
1305. 00 
1318.00 
1340.00 
1343.00 
1356.00 
1340.00 
1333.00 
1332.00 
1341.00 
1360.00 
1374.00 
1374.00 
1375.00 
1373.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 20, 1999 

Starting 
07-20-99 

02 CO2 
' -'% dv %dv 

Time ~ 

20:46 14 .24 5.04 
20:47 14.26 5.04 
20:48 14.30 5.01 
20:49 14.33 4.97 
20:50 -14 .33 4.97 
20:51 14.32 5.00 
20:52 14.3.0 5.00 
20:53 14.29 5.02 
20:54 14.26 5.03 
20:55 14 .13 · 5.14 
20:56 14.18 5.10 
20:57 14.11 5.15 
20:58 14.08 5.19 
20:59 14.01 5.25 
21:00 14-.-04 5.22 
21:01 13.91 5.33 
21:02 13.89 5.35 
21:03 13.88 5.35 
21:04 13.89 5.34 
21:05 13.84 5.39 
21:06 13.74 5.48 
21:07 13.75 5 .49 
21:08 13. 72 5.51 
21:09 13 ._69 5.53 
21:10 13.71 5.52 
21:11 13.78 5.47 
21:12 13 .83 5.43 
21:13 13.93 5.35 
21:14 13.86 5.39 
21:15 13.91 5.36 
21:16 13.96 5.31 
21:17 14.01 5.29 
21:18 14.09 5.22 
21:19 14.11 5.22 
21:20 14.19 5.16 
21:21 14.26 5.12 
21:22 14.31 5.08 
21:23 14.34 5.06 
21:24 14.44 5.00 
21:25 14.50 4.96 
21:26 14.57 4.91 
21:27 14.59 4.89 
21:28 14.60 4.89 
21:29 
21:30 I 14.62 

14.71 
4.87 
4.80 

2b 

co 
ppmdv 

1381.00 
1403.00 
1425.00 
1440.00 
1450.00 
1462.00 
1449.00 
1446.00 
1456.00 
1443.00 
1428.00 
1421.00 
1419.00 
1396.00 
1401. 00 
1373.00 
1375.00 
1382.00 
1371.00 
1372.00 
1356.00 
1385.00 
1389.00 
1368.00 
1353.00 
1363.00 
1348.00 
1340.00 
1332.00 
1298.00 
1268.00 
1276.00 
1~64.00 
1249.00 
1253.00 
1268.00 
1263.00 
1265.00 
1258.00 
1258.00 
1270.00 
1272.00 
1256.00 
1266.00 
1266.00 
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METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INC:NERATOR - RUN 2b �

JULY 20, 1999 �

Starting �
07-20-99 �

02 CO2 co 
% dv %dv ppmdv 

Time 

180 MinAvg 14.03 5.26 1383.51 

Data Corrected for Calibrations 
180 MinAvg 13.92 5.19 1366. 72 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 2b 

JULY 20, 1999 

Calibrations: 

[CO2 ] Span value = -20 
LOW Calibration Gas= 0.00 HIGH Calibration Gas - 11.01 

INITIAL CALIBRATION TIME --> 1823 
LOW Cal. Response 0.15 HIGH Cal. Response = 10.93= 

FINAL CALIBRATION TIME . - - -.- > 213 8 
LOW Cal. Response = 0.14 HIGH Cal. Response = 11.05 

LOW System Drift = -0.07 % HIGH System Drift = 0.63 % 

[CO ] Span Value= 6000 
LOW Calibration Gas = o.. oo HIGH Calibration Gas = 1809. oo 

INITIAL CALIBRATION TIME --> 1823 
LOW Cal. Response = 0.00 HIGH Cal. Response = 1831.30 

FINAL CALIBRATION TIME ----> 2138 
LOW Cal. Response= 0.77 HIGH Cal. Response = 1830.90 

0LOW System Drift = 0.01 % HIGH System Drift = -0.01 1, 

[02 ] Span Value= 25 
LOW-Galibration Gas= 0.00 HIGH Calibration Gas= 11. 50 

INITIAL CALIBRATION TIME --> 1823 .. 
LOW Cal. Response = 0.11 HIGH Cal. Response = 11. 59 

FINAL CALIBRATION TIME ----> 2138 
LOW Cal. -Response= 0.07 HIGH CaL Response = . 11. 62 

LOW System Drift = -0.19 % HIGH System Drift = 0.13 % 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
-~ dv \dv 

Time ~ 

10:16 14.86 4.49 
10:17 14.93 4.43 
10:18 14.81 4.53 
10:19 14.72 4.60 
10:20 14.66 4.64 
10:21 14.65 4.67 
10:22 14. 63. 4.68 
10:23 14.65 4.64 
10:24 14.65 4.64 
10:25 14.65 4.63 
10:26 14.66 4.63 
10:27 14.78 4.53 
10:28 14.94 4.39 
10:29 15.05 4.30 
10:30 15.14 4.22 
10:31 15.17 4.20 
10:32 15.03 4.28 
10:33 15.02 4.31 
10:34 14.96 4.37 
10:35 15.00 4.34 
10:36 14.94 4.37 
10:37 14.98 4.34 
10:38 15.09 4.26 
10:39 15.13 4.24 
10:40 15.13 4.22 
10:41 15.04 4.27 
10:42 14.98 4.33 
10:43 14.98 4.33 
10:44 14.79 4.46 
10:45 14.72 4.46 
10:46 14.16 4.83 
10:47 13.76 5.07 
10:48 13.41 5.28 
10:49 13.22 5.38 
10:50 13.21 5.38 
10:51 13.25 5.30 
10:52 13.17 5.34 
10:53 13.09 5.37 
10:54 12.88 5.51 
10:55 12.65 5.68 
10:56 12.39 5.89 
10:57 12.12 6.11 
10:58 11.92 6.27 
10:59 11.75 6.41 
11:00 11.58 6.52 

3A �

co 
ppmdv 

1598.00 
1628.00 
1617.00 
1594.00 
1570.00 
1560.00 
1568.00 
1592.00 
1587.00 
1589.00 
.1572. 00 
1582.00 
1635.00 
1691. 00 
1732.00 
1766.00 
1746.00 
1721. 00 
1706.00 
1692.00 
1685.00 
1693.00 
1706.00 
1684.00 
1678.00 
1669.00 
1636.00 
1627.00 
1633.00 
1637.00 
1472.00 
1281.00 
1181.00 
1070.00 
1061.00 
1060.00 
1062.00 
1079.00 
1061. 00 
1033.00 
1013.00 

996.00 
989.00 
995.00 
979.00 
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METROPOLITAN SEWER DISTRICT �
SEWAGE SLUDGE INCINERATOR - RUN 3A �

JULY 21, 1999 �

Start:i.ng 
07-21-99 

02 CO2 co 
.%. dv %dv ppmdv 

Time ., 

11:01 11.40 6.69 987.00 
11:02 11.50 6.68 1016.00 
11:03 11.90 6.49 1041.00 
11:04 12.92 5.91 1114.00 
11:05 13.28 5.64 1232.00 
11:06 13.53 · 5.43 1251. 00 
11:07 13.72 5.28 1279.00 
11:08 13.91 5.13 1292.00 
11:09 14.02 5.04 1320.00 
11:10 13.70 5.19 1320.00 
11:11 13.61 5.24 1190.00 
11:12 13.62 5.25 1160.00 
11:13 13.64 5.23 1148.00 
11:14 13.71 5.17 1160.00 
11:15 13.81 5.09 1185.00 
11:16 13.83 5-.-oe 1212.00 
11:17 13.75 5.14 1213.00 
11:18 13.72 5.17 1227.00 
11:19 13.77 5.11 1220.00 
11:20 13.78 5.11 1233.00 
11:21 13.68 5.21 1225.00 
11:22 13.82 5.11 1215.00 
11:23 13.98 4.97 1253.00 
11:24 14.16 4.82 1336.00 
11:25 14.18 4.82 1357.00 
11:26 14.12 4.85 1342.00 
11:27 14.12 4.83 1336.00 
11:28 14.01 4.91 1341. 00 
11:29 13.99 .4.92 1346.00 
11:30 14.12 4.82 1349.00 
11:31 14.21 4.75 1376.00 
11:32 14.20 4.75 1405. 00 . 
11:33 14.32 4.66 1427.00 
11:34 14.35 4.62 1439.00 
11:35 14.31 4.65 1442.00 
11:36 . 14. 27 4.67 1462.00 
11:37 14.28 4.65 1456.00 
11:38 14.30 4.64 1478.00 
11:39 14.37 4.56 1508.00 
11:40 14.34 4.59 1505.00 
11:41 14.37 4.57 1508.00 
11:42 14. 

0 

30 4.64 1504.00 
11:43 14.24 4.67 1516.00 
11:44 14.16 4.73 1519.00 
11:45 14.04 4.84 1497.00 
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http:Start:i.ng


METROPOLITAN SEWER DISTRICT �
SEWAGE �

Starting 
07-21-99 

Time 

11:46 
11:47 
11:48 
11:49 
11:50 
11:51 
11:52 
11:53 
11:54 
11:55 
11:56 
11:57 
11:58 
11:59 
12:00 

·-12:01 
12:02 
12:03 
12:04 
12:05 
12:06 
12:07 
12:08 
12:09 
12:10 
12:11 
12:12 
12:13 
12:14 
12:15 
12:16 
12:17 
12:18 
12:19 
12:20 
12:21 
12:22 
12:23 
12:24 
12:25 
12:26 
12:27 
12:28 
12:29 
12:30 

SLUDGE INCINERATOR - RUN 3A 
JULY 21, 1999 

02 
,!k. dv 

.. 

14.02 
13.95 
13.99 
13.98 
13.99 
14.01 
13.93 
13.93 
13.64 
13.09 
12.78 
12.44 
12.13 
11. 78 
11.40 
10.95 
10.46 

9.92 
9.60 
9.86 

10.24 
11.21 
12.03 
12.78 
13.37 
13.70 
13.90 
13.86 
13.34 
12.02 
11.75 
11.83 
12.12 
12.43 
12.65 
12.89 
13.04 
13.19 
13.21 
13.22 
13.18 
13.16 
13.20 
13.22 
13.17 

CO2 co 
llldv ppmdv 

4.85 1502.00 
4.90 1494.00 
4.86 1502.00 
4.88 1508.00 
4.87 1521.00 
4.83 1531. 00 
4.90 1502.00 
4.87 1511. 00 
5.01 1549.00 
5.38 1366.00 

·S.61 1296.00 
5.86 1245.00 
6.11 1248.00 
6.36 1246.00 
6.66 1257.00 
7.00 1306.00 
7.41 1362.00 
7.85 1539.00 
8.18 1749.00 
8.14 2137.00 
7.98 1886.00 
7.30 1727.00 
6.64 1506.00 
6.06 1321.00 
5.57 1262.00 
5.28 1222.00 
5.10 1218.00 
5.13 1225.00 
5.44 1198.00 
6.38 ·-1159.00 
6.63 1162.00 
6.63 1170.00 
6.44 1173.00 
6.20 1151.00 
6.05 1154.00 
5.86 1153.00 
5.75. 1136.00 
5.63 1111.00 
5.61 1124.00 
5.59 1130.00 
5.60 1103.00 
5.62 1094.00 
5.56 1102.00 
5.55 1134.00 
5.59 1117.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
.. %,dv 'lldv 

Time ·

12:31 13.17 5.57 
12:32 13.26 5.50 
12:33 13.27 5.49 
12:34 13.34 5.43 
12:35 13.29 5.46 
12:36 13.39 5.35 
12:37 13.33 5.40 
12:38 13.20 ·5.48 
12:39 13.04 5.58 
12:40 13.00 5.59 
12:41 12.84 5.71 
12:42 1-2. 76 5.74 
12:43 12.70 5.79 
12:44 12.83 5.72 
12:45 12.89 5.72 
12:46 13.05 · 5. 65 
12:47 13.03 5.65 
12:48 13.04 5.65 
12:49 13.00 5.65 
12:50 12. 9.3 5.70 
12:51 13.05 5.60 
12:52 13.09 5.60 
12:53 13.03 5.63 
12:54 13.01 5.63 
12:55 13.05 5.60 
12:56 13.08 5.60 
12:57 13.18 5.53 
12:58 13.19 5.52 
12:59 13.22 5.49 
13:00 13.18 5.51 
13:01 13.24 5.46 
13:02 13.30 5.40 
13:03 13.29 5.42 
13:04 13.31 5.37 
13:05 13.28 5.41 
13:06 13.29 5.40 
13:07 13.27 5.39 
13:08 13.27 5.39 
13:09 13.31 5.38 
13:10 13.27 5.41 
13 :.11 13.30 5.37 

. 13 :12 13.31 5.37 
13:13 13.35 5.32 
13:14 13.29 5.38 
13:15 13.30 5.37 

3A �

co 
ppmdv 

1118.00 
1141.00 
1147.00 
1136.00 
1144.00 
1144.00 
1108.00 
1094.00 
1093.00 
1079.00 
1053.00 
1022.00 
1012.00 
1022.00 
1040.00 
1042.00 
1021.00 
1025.00 
1024.00 
1026.00 
1043.00 
1026.00 
1040.00 
1051. 00 
1044.00 
1030.00 
1016.00 
1022.00 
1019.00 
1013.00 
1011.00 
980.00 
970.00 
957.00 
960.00 
980.00 
978.00 
974.00 
966.00 
947.00 
965.00 
965.00 
947.00 
944.00 
927.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 
3A 

Starting 
07-21-99 

Time 

02 
!Is .dv 

CO2 
%dv 

co 
ppmdv 

180 MinAvg 13.45 5.34 1283.57 

Data Corrected for Calibrations 
180 MinAvg 13.32 5.35 1244.74 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
,,%. dv llsdv 

Time 
~ 

13:36 13.13 4.96 
13:37 13.11 4.94 
13:38 13.09 4.97 
13:39 13.10 4.95 
13:40 13.12 4.95 
13:41 13.12 4.93 
13:42 13.10 4.95 
13:43 13.28 4.93 
13:44 13.58 5.02 
13:45 13.54 5.08 
13:46 13.54 5.06 
13:47 13.54 5.07 
13:48 13.45 5.14 
13:49 13.45 5.14 
13:50 13.47 5.12 
13:51 13.44 5.16 
13:52 13.37 5.18 
13:53 12.96 5.45 
13:54 12.76 5.62 
13:55 12.78 5.61 
13:56 12.71 5.66 
13:57 12.70 5.69 
13:58 12.60 5.75 
13:59 12.49 5.84 
14:00 12.42 5.91 
14:01 12.42 5.94 
14:02 12.44 5.94 
14:03 12.45 5.95 
14:04 12.45 5.94 
14:05 12.43 5.96 
14:06 12·. 29 6.08 
14:07 12.28 6.10 
14:08 12.12 6.22 
14:09 12.05 6.29 
14:10 11.85 6.46 
14:11 · 11.69 6.57 
14:12 11.58 6.65 
14:13 11.50 6.73 
14:14 11.42 6.79 
14:15 11.34 6.90 
14:16 11.32 6.90 
14:17 11.33 6.91 
14:18 11.32 6.89 
14:19 11.32 6.91 
14:20 11.35 6.89 

3B �

co 
ppmdv 

918.00 
946.00 
946.00 
955.00 
949.00 
946.00 
946.00 
947.00 
969.00 
953.00 
966.00 
991.00 

1022.00 
1039,. 00 
1024.00 
1035.00 
1040.00 
1-055. 00 
1067.00 
1084.00 
1078.00 
1064.00 
1067.00 
1072.00 
1097.00 
1144.00 
1153.00 
1139.00 
1137.00 
1177.00 
1177.00 
1175.00 
1176.00 
1180.00 
1194.00 
1221.00 
1210.00 
1211. 00 
1203.00 
1222.00 
1210.00 
1190.00 
1187.00 
1187.00 
1183.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
.%.dv !lsdv 

Time ._ 

14:21 11.36 6.91 
14:22 11.45 6.81 
14:23 11.46 6.81 
14:24 11. 55 6.77 
14:25 11.68 6.67 
14:26 11. 76 6.62 
14:27 11. 77 6.60 
14:28 12. 00 · 6.46 
14:29 13.09 5.73 
14:30 13.33 5.55 
14:31 13.42 5.47 
14:32 13.46 5.42 
14:33 13.50 5.37 
14:34 13.55 5.32 
14:35 13.48 5.36 
14: 35· 13.53 5.32 
14:37 13.55 5.30 
14:38 13.53 5.30 
14:39 13.46 5.36 
14:40 13.51 5.32 
14:41 13.49 5.32 
14:42 13.49 5.32 
14:43 13.51 5.30 
14:44 13.55 5.26 
14:45 13.58 5.24 
14:46 13.53 5.26 
14:47 13.57 5.23 
14:48 13.61 5.18 
14:49 13.58 5.21 
14:50 13.61 5.19 
14:51 13.52 5.26 
14:52 13.48 5.28 
14:53 13.49 5.27 
14:54 13.55 - 5.22 
14:55 13.52 5.25 
14:56 13.51 5.26 
14:57 13.49 5.29 
14:58 13.50 5.29 
14:59 13.48 5.29 
15:00 13.54 5.25 
15:01 13.56 5.22 
15:02 13.56 5.22 
15:03 13.58 5.19 
15:04 13.56 5.22 
15:05 13.59 5.20 

3B �

co 
ppmdv 

1195.00 
1188.00 
1183.00 
1173.00 
1161.00 
1157.00 
1163.00 
1159.00 
1190.00 
1265.00 
1263.00 
·1276. 00 
1298.00 
1293.00 
1290.00 
1296.00 
1267.00 
1253.00 
1237.00 
1233.00 
1241.00 
1262.00 
1258.00 
1243.00 
1250.00 
1251. 00 
1249.00 
1246.00 
1259.00 
1241.-00 
1244.00 
1249.00 
1222.00 
1230.00 
1216.00 
1194.00 
1180.00 
1164.00 
1144.00 
1133.00 
1132.00 
1145.00 
1136.00 
1119.00 
1100.00 
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--

METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
.,Ill. dv !lsdv 

Time 
~ 

15:06 13.66 5.13 
15:07 13.57 5.17 
15:08 12.55 5.87 
15:09 12.48 5.95 
15:10 12.49 5.95 
15:11 12.44 5.99 
15:12 12.54 5.92 
15:13 12.51 5.94 
15:14 12.56 5.91 
15:15 12.60 5.88 
15:16 12.63 5.86 
15:17 12.69 5.83-· 

15:18 12.75 5.77 
15:19 12.85 5.66 
15:20 12.82 5.70 
15:21 12.89 5.64 
15:22 12.95 5.59 
15:23 13.06 5.49 
15:24 13.06 5.50 
15:25 13.09 5.47 
15:26 13.16 5.41 
15:27 13.18 5.38 
15:28 13.13 5.41 
15:29 13.14 5.40 
15:30 13.21 5.36 
15:31 13.17 5.38 
15:32 13.16 5.38 
15:33 13.24 5.30 
15:34 13.24 5.29 
15:35 13.17 5.34 
15:36 13·, 14 5.36 
15:37 13.14 5.35 
15:38 13.04 5.43 
15:39 13.06 S.4i 
15:40 13.14 5.36 
15:41 13.19 5.30 
15: 42 . 13.08 5.38 
15:43 13.06 5.39 
15:44 13.07 5.37 
15:45 13.13 5.32 
15:46 13.07 5.39 
15: 4.7 13.09 5.35 
15:48 13.10 5.33 
15:49 13.16 5.29 
15:50 13.15 5.30 

3B �

co 
ppmdv 

1106.00 
1115.00 
1097.00 
1061.00 
1043.00 
1026.00 
1041.00 
1038.00 
1041. 00 
1053.00 
1052.00 
1065.00 
1067.00 
1076.00 
1069.00 
1068.00 
1074.00 
1067.00 
1059.00 
1075.00 
1071.00 
1067.00 
1067.00 
1064·. 00 
1049.00 
1036.00 
1051.00 
1033.00 
1039.00 
1032.00 
1029.00 
1030.00 
1011.00 
1012.00 
1007.00 

986.00 
989.00 
987.00 

1007.00 
1022.00 
1019.00 
1024.00 
1035.00 
1044.00 
1043.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 

Starting 
07-21-99 

02 CO2 
, % dv !kdv 

Time '• 

-
15:51 13.11 5.31 
15:52 13.09 5.32 
15:53 13.05 5.34 
15:54 13.06 5.33 
15:55 13.09 5.32 
15:56 13.13 5.29 
15:57 13.04 5.36 
15:58 13.05 5.33 
15:59 13.01 5.35 
16:00 12.96 5.39 
16:01 12.90 · 5 .44 
16:02 12.90 5.45 
16:03 12.78 5.53 
16:04 12.71 5.59 
16:05 12.62 5.65 
16:06 12.62 5.66 
16:07 12.59 5.68 
16:08 12.48 5.77 
16:09 12.34 5.88 
16:10 12.27 5.94 
16:11 12.28 5.92 
16:12 12.13 6.05 
16:13 12.11 6.07 
16:14 12.03 6.12 
16:15 11.99 6.18 
16:16 11. 93 6.22 
16:17 11. 85 6.28 
16:18 11. 85 6.28 
16:19 11. 74 6.37 
16:20 11. 71 6.40 
16:21 11.65 '6.44 
16:22 11. 57 6.51 
16:23 11. 57 6.51 
16:24 11. 70 6.43 
16:25 11.51 6.60 
16:26 11.57 6.55 
16:27 12.09 6.24. 
16:28 12.87 5.67 
16:29 12.95 5.62 
16:30 12.99 5.59 
16:31 13.00 5.58 
16:32 12.99 5.57 
16:33 13.03 5.55 
16:34 13.07 5.51 
16:35 13.12 5.46 

3B �

co 
ppmdv 

1056.00 
1078.00 
1075.00 
1067.00 
1067.00 
1067.00 
1062.00 
1072.00 
1098.00 
1105.00 
1111.00 
1120.00 
1117.00 
1117.00 
1107.00 
1120.00 
1119.00 
1144.00 
1139.00 
1150.00 
1153.00 
1157.00 
1139.00 
1140.00 
1135.00 
1127.00 
1136.00 
1127.00 
1124.00 
1119.00 
1099.00 
1090.00 
1089.00 

'1081. 00 
1067.00 
1051. 00 
1053.00 
1151.00 
1186.00 
1184.00 
1178.00 
1181.00 
1167.00 
1178.00 
1190.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 21, 1999 
3B 

Starting 
07-21-99 

Time 

02 
,)Is, dv 

CO2 
!idv 

co 
ppmdv 

180 MinAvg 12.80 5.66 1115.78 

Data Corrected for Calibrations 
180 MinAvg 12.74 5.66 1095.76 
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rROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 3B 

JULY 21, 1999 

Calibrations: 

[CO2 ] S:i;,an value = 20 �
LOW Calibration Gas = 0.00 HIGH Calibration Gas = 11.01 �

INITIAL CALIBRATION TIME --> 1326 �
LOW Cal. Response = 0.15 HIGH Cal. Response = 10.88 �

LOW Cal. Response= 0.14 HIGH Cal. Response = 10.89 �
FINAL CALIBRATION TIME ----> 1643 �

LOW System Drift = -0.04 % HIGH System Drift= 0.06 ' 

[CO ] Span Value= 6000 �
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 1809.00 �

lITIAL CALIBRATION TIME--> 1326 �
LOW Cal. Response= - 2.06 HIGH Cal. Response= 1851.50 �

LOW Cal. Response= 0.26 HIGH Cal. Response= 1831.10 �
FINAL CALIBRATION TIME----> 1643 �

LOW System Drift= -0.03 % HIGH System Drift= -0.34 % 

[02 ] Span Value= 25 �
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 11. 50 �

INITIAL CALIBRATION TIME--> 1326 �
LOW Cal. Response= 0.11 HIGH Cal. Response = 11.70 �

LOW Cal. Response= 0.12 HIGH Cal-. Response = 11.44 

FINAL CALIBRATION TIME----> 1643 �

LOW System Drift= 0.07 % HIGH System Drift= -1.03 % 
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I 

ME~ROPOLITAN SEWER DISTRICT ~ SEWAGE SLUDGE INCINERATOR - RUN 4A �
JULY 22, 1999 �

Starting 
07-22-99 I

02 CO2 co �
.%. dv %dv ppmdv �

Time � .. I 
08:16 12.98 5.43 1372.00 �
08:17 12.93 5.48 1351. 00 �
08:18 12.97 5.46 1351. 00 � I 
08:19 12.91 5.51 1332.00 �
08:20 12.91 5.50 1313.00 �
08:21 12.88 5.51 1311. 00 � I
08:22 12.91 ~.52 1316.00 �
08:23 12.95 5.47 1309.00 �
08:24 13.01 5.45 1289.00 �
08:25 12.97 5.47 1281.00 �
08:26 12.98 5.48 1263.00 �
08:27 12.98 5. 49 -- 1258.00 �
08:28 13.05 5.45 1257.0() �
08:29 13.04 5.43 1258.00 �
08:30 13.13 5.38 1253~00 �
08:31 13.12 5.38 1230.00 �
08:32 13.10 5.39 1216.00 �
08:33 13.13 5.36 1211.00 �
08:34 13.12 5.39 1184.00 �
08:35 13.02 5.47 1146.00 �
08:36 12.99 5.50 1115.00 �
08:37 13.00 5.47 1119.00 �
08:38 12.95 5.51 1117.00 �
08:39 12.91 5.55 1116.00 �
08:40 12.98 5.51 1097.00 �
08:41 13.33 5.51 1097.00 �
08:42 13.72 5.43 1100.00 �
08:43 13.79 5.38 1102.00 �
08:44 13.98 5.22 1096.00 �
08:45 14-;-07 5.16 1106.00 �
08:46 14.14 5.11 1096.00 �
08:47 14.27 5.02 1096.00 �
08:48 14.40 4.93 1082.00 �
08:49 14.47 4.86 1067.00 �
08:50 14.53 4.80 1062.00 �
08:51 . 14. 49 4.81 1067.00 �
08:52 14.41 4.84 1055.00 �
08:53 14.38 4.87 1065.00 �
08:54 14.40 4.88 1084.00 �
08:55 14.33 4.90 1086.00 �
08:56 14.25 4.96 1084.00 �
08:57 14.18 4.99 1075.00 �
08:58 14.16 4.99 1078.00 �
08:59 14.10 5.02 1082.00 �
09:00 14.05 5.05 1058.00 �
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i METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 4A 

JULY 22, 1999 

I 
I 

Starting �
07-22-99 �

02 CO2 co 
.!k.dv \dv ppmdv 

TimeI .. 

I 
09:01 14.09 5.01 1043.00 
09:02 14.10 5.02 1056.00 

I 
09:03 14.14 4.97 1066.00 
09:04 14.16 4.94 1089.00 
09:05 14.24 4.89 1097.00 
09:06 14.27 4.85 1110.00 
09:07 14.27 4.85 1096.00 
09:08 14.35 4.78 1114.00

I 09:09 14.42 4.76 1125.00 
09:10 14.46 4.72 1129.00 

I 
I 

09:11 14.55 4.65 1133.00 
09:-12 14.60 4.62 1131. 00 
09:13 14.57 4.65 1138.00 
09:14 14.60 4.61 1132.00 
09:15 14.59 4.63 1143.00 
09:16 14.60 4.63 1176.00 
09:17 14.63 4.60 1182.00 
09:18 14.64 4.59 1204.00

J 09:19 14.67 4.56 1224.00 

• 
09:20 14.65 4.58 1249.00 
09:21 14.58 4.63 1226.00 
09:22 14.55 4.67 1202.00 
09:23 14. 57 4.64 1184.00 

I 
09:24 14.57 4.64 1172.00 
09:25 14.56 4.64 1172.00 
09:26 14. 51 4.69 1156.00 
09:27 14.48 4.70 1145.00 
09:28 14.39 4.78 1143.00

I 09:29 14.38 4.80 1136.00 

I 
I 

09:30 14.35 4.80 1134.00 
09:31 14,36 4.82 1136.00 
09:32 14.32 4.85 1139.00 
09:33 14.23 4.90 1130.00 
09:34 14.28 4.87 1160.00 
09:35 14.31 4.86 1181.00 
09:36 14.36 4.80 1179.00 
09:37 14.31 4.84 1182.00 
09:38 14.36 4.81 1180.00

I 09:39 14.32 4.83 1213.00 

I 
I 

09:40 14.34 4.81 1216.00 
09:41 14.25 4.88 1202.00 
09:42 14.19 4.92 1185.00 
09:43 14.12 4.97 1192.00 
09:44 14.07 5.00 1185.00 
09:45 13.99 5.05 1183.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 22, 1999 
4A 

Starting 
07-22-99 

Time 

02 
,~. dv 

CO2 
!lsdv 

CO 
ppmdv 

180 MinAvg 13.95 5.05 1152.38 

Data Corrected for Calibrations 
180 MinAvg 13.87 5.05 1136.17 
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~ROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 4A 

JULY 22, 1999 

Calibrations: 

[CO2 ] Span Value = 20 �
LOW Calibration Gas = 0.00 HIGH Calibration Gas = 11.01 �

INITIAL CALIBRATION TIME --> 707 �
LOW Cal. Response = 0.11 HIGH Cal. Response = 10.85 


LOW Cal. Response= 0.13 HIGH Cal. Response = 10.91 �
FINAL CALIBRATION TIME ----> 1123 �

LOW System Drift = 0.11 % HIGH System Drift= 0.29 ' 

[CO ] Span Value= 6000 �
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 1809.00 �

INITIAL CALIBRATION TIME--> 707 �
LOW Cal. Response= 5.42 HIGH Cal. Response= 1831.90 �

LOW Cal. Response= 5.42 HIGH Cal. Response= 1831.30 �
FINAL CALIBRATION TIME----> 1123 �

LOW System Drift= -0.00 % HIGH System Drift= -0.01 \ 

[02 J Span Value= 25 �
LOW Calibration Gas = 0.00 HIGH Calibration Gas = 11. 50 �

INITIAL CALIBRATION TIME--> .707 �
LOW Cal. Response= 0.06 HIGH Cal. Response = 11.43 �

FINAL CALIBRATION TIME----> 1123 �
LOW Cal. Response= 0.11 HIGH Cal. Response = 11. 73 �

LOW System Drift= 0.20 \ HIGH System Drift= 1.22 " 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 22, 1999 

Starting 
07-22-99 

02 CO2 
-·% dv %dv 

Time 

11:36 12.36 5.03 
11:37 12.88 5.08 
11:38 12.78 5.14 
11:39 12.83 5.15 
11:40 12.86 5.10 
11:41 12.85 5.12 
11:42 12.77 5.18 
11:43 12.74 5.24 
11:44 12.83 5.16 
11:45 12.84 5.16 
11:46 12.90 5.10 
11:47 12.94 5.07 
11:48 12.92 5.10 
11:49 12.93 5.08 
11:50 12.92 5.09 
11:51 12.94 5.06 
11:52 12.90 5.10 
11:53 12.95 5.03 
11:54 12.91 5.06 
11:55 12.90 5.06 
11:56 12,82 5.12 
11:57 12.82 5.12 
11:58 12.81 5.13 
11:59 12.83 5.11 
12:00 12.80 5.13 
12:01 12.76 5.17 
12:02 12.78 5.14 
12:03 12.80 5.14 
12:04 12.76 -- 5.16 
12:05 12.76 5.15 
12:06 12.71 5.19 
12:07 12.79 ·s.1s 
12:08 12.73 5.18-
12:09 12.67 5.22 
12:10 12.64 5.26 
12:11 12.65 5.28 
12:12 12.68 5.24 
12 :13 12.67 5.24 
12:14 12.73 5.20 
12:15 12.62 5.31 
12:16 12.62 5.31 
12:17 12.58 5.34 
12:18 12.60 5.33 
12:19 12.50 5.41 
12:20 12.49 . 43L~8 

4B �

co 
ppmdv 

1146.00 
1157.00 
1146.00 
1146.00 
1154.00 
1154.00 
1154.00 
1131.00 
1131. 00 
1142.00 
1166_, 00 
1192.00 
1200.00 
1208.00 
1220.00 
1224.00 
1235.00 
1237.00 
1234.00 
1227.00 
1212.00 
1187.00 
1192.00 
1212.00 
1238.00 
1248.00 
1254.00 
1247.00 
1257.00 
1283.00 
1294.00 
1309.00 
1297.00 
1279.00 
1269.00 
1266.00 
1283.00 
1294.00 
1294.00 
1284.00 
1264.00 
1254.00 
1248.00 
1234.00 
1234.00 



METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 22, 1999 

Start.:..ng 
07-22-99 

02 CO2 
-·% dv %dv 

..Time 

12:21 12.51 5.41 
12:22 12.50 5.42 
12:23 12.41 5.47 
12:24 12.37 5.51 
12:25 12.44 5.45 
12:26 12.46 5.47 
12:27 12.62 5.32 
12:28 12.52 5.39 
12:29 12.62 5.34 
12:30 12.60 5.35 
12:31 . 12.97 5.42 
12:32 13.00 5.41 
12:33 13.05 5.37 
12:34 13.01 5.41 
12:35 13.00 5.41 
12:36 13 .13 5.31 
12:37 13 .12 5.32 
12:38 13.18 5.28 
12: 39 13 .19 5.27 
12:40 13.25 5.22 
12:41 13.34 5.15 
12:42 13.39 5.09 
12:43 13.38 5.09 
12:44 13.40 5.07 
12:45 13.44 5.04 
12:46 13. 39· 5.07 
12:47 13 .41 5.06 
12:.;s 13.42 5.04 
12 :.t,9 13 .45 5.02 
12:50 13 .46 .5.00 
12:51 13.49 4.97 
12:52 13 .50 4.96 
12:53 13.45 5.01 
12:54 13.51 4.95 
12:55 13.47 5.01 
12:56 13 .49 5.00 
12:57 13.53 4.97 
12:58 13.61 4.90 
12:59 13.65 4.89 
13:00 13 .64 4.90 
13:01 13.75 4.81 
13:02 13.72 4.84 
13:03 13.72 4.83 
13:04 13.76 4.82 
13:05 13.74 4.82 

4B �

co 
ppmdv 

1220.00 
1185.00 
1182.00 
1180.00 
1187.00 
1185.00 
1170.00 
1127.00 
1124.00 
1134.00 
1130.00 
1116.00 
1106.00 
1103.00 
1093.00 
1076.00 
1067.00 
1062.00 
1057.00 
1060.00 
1066.00 
1083.00 
1110.00 
1122.00 
1145.00 
1136.00 
1137.00 
1116.00 
1128.00 
1129.00 
1132.00 
1119.00 
1111. 00 
1096.00 
1093.00 
1109.00 
1093.00 
1072.00 
1062.00 
1055.00 
1053.00 
1053.00 
1064.00 
1062.00 
1067.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 22, 1999 

Starting 
07-22-99 

02 CO2 

Time 
-'%

.• 
dv %dv 

13:06 13.80 4.78 
13:07 13.76 4.81 
13:08 13.75 4.83 
13:09 13.69 4.86 
13:10 13.79 4.80 
13:11 13.72 4.85 
13:12 13.74 4.83 
13:13 13.69 4.88 
13:14 13.69 4.87 
13:15 13.69 4.89 
13:16 13.66 4.89 
13:17 13.70 4.89 
13:18 13.76 4.82 
13:19 13.81 4.79 
13:20 13.80 4.80 
13:21 13.79 4.82 
13:22 13.79 4.83 
13:23 13.72 4.87 
13:24 13.75 4.86 
13:25 13.75 4.87 
13:26 13.73 4.87 
13:27 13.69 4.92 
13:28 13.76 4.87 
13:29 13.71 4.89 
13:30 13.74 4.88 
13:31 13.67 4.93 
13:32 13.62 4.98 
13:33 13.61 4.97 
13:34 13.51 5.07 
13:35 13.46 5.10 
13:36 13.50 5.08 
13:37 13.54 5.05 
13:38 13.49. 5.09 
13:39 13.59 5.02 
13 :40 13.58 5.02 
13:41 13.47 .5 .10 
13:42 13.49 5.08 
13:43 13.54 5.06 
13:44 13.49 5.08 
13:45 13.48 5.09 
13:46 13.49 5.08 
13:47 13.46 5.09 
13:48 13.41 5.13 
13:49 13.35 5.17 
13:50 13.35 5.18 

4B �

co 
ppmdv 

1076.00 
1089.00 
1109.00 
1097.00 
1113.00 
1125.00 
1142.00 
1128.00 
1117.00 
1114.00 
1116.00 
1132.00 
1126.00 
1122. 00 
1117.00 
1113.00 
1111.00 
1106.00 
1098.00 
1122.00 
1120.00 
1100.00 
1114.00 
1130.00 
1123.00 
1123.00 
1114. 00 
1129.00 
1114.00 
1113.00 

· 1131.00 
1133.00 
1143.00 
1127.00 
1138.00 
1120.00 
1132.00 
1144.00 
1133.00 
1133.00 
1143.00 
1154.00 
1151. 00 
1133.00 
1133.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 

JULY 22, 1999 

Starting 
07-22-99 

02 CO2 
-·% dv %dv 

Time .. 

13:51 13 .26 5.26 
13:52 13.29 5.22 
13:53 13.35 5.18 
13:54 13.39 5.15 
13:55 13 .37 5.15 
13:56 13.39 5.14 
13:57 13.35 5.15 
13:58 13. 34 5.18 
13:59 13.34 5.18 
14:00 13 .34 5.19 
14:01 13.36 5.16 
14:02 13.33 5.19 
14:03 13 .33 5.19 
14:04 13.26 5.26 
14:05 13.29 5.2:3 
14:06 13.30 5.24 
14:07 13. 38 5.18 
14:08 13.33 5.22 
14:09 13.27 5.27 
14:10 13.27 5.28 
14:11 13 .24 5.31 
14:12 13.26 5.28 
14:13 13 .23 5.33 
14: 14 13.30 5.24 
14:15 13.06 5.44 
14:16 13 .13 5.37 
14:17 13. 03 5.46 
14:18 13.04 5.46 
14:19 13.05 5.43 
14:20 13. 07 5.43 
14:21 13.04 5.46 
14:22 13.06 5.45 
14:23 13.12 5.40 
14:24 13.20 5.34 
14:25 13.27 5.28 
14:26 13.34 5.24 
14:27 13.41 5.19 
14:28 13. 74 4.96 
14 : 2 :I 14.02 4.76 
14:30 14.08 4.72 
14:31 14.23 4.6·1 
14:32 14.31 4.56 
14:33 14.38 4.51 
14:34 14.44 4.46 
14:35 14. 54 4.37 

4B �

co 
ppmdv 

1120.00 
1142.00 
1134. 00 
1115.00 
1124.00 
1123.00 
1133.00 
1136.00 
1134.00 
1133.00 
1124.00 
1118.00 
1108.00 
1071.00 
1070.00 
1087.00 
1089.00 
1086.00 
1076.00 
1080.00 
1084.00 
1082.00 
1079.00 
1086.00 
1081.00 
1067.00 
1071.00 
1082.00 
1056.00 
1070.00 
1080.00 
1061.00 
1033.00 
1027.00 
1023.00 
1044.00 
1058.00 
1093.00 
1154.00 
1163.00 
1175.00 
1184.00 
1172.00 
1164.00 
1179.00 
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METROPOLITAN SEWER DISTRICT 
SEWAGE SLUDGE INCINERATOR - RUN 4B 

JULY 22, 1999 

Calibrations: 

[CO2 J Span Value= 20 
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 11.01 

INITIAL CALIBRATION TIME --> 1123 
LOW Cal. Response .. 0.13 HIGH Cal. Response = 10.91 

FINAL CALIBRATION TIME ----> 1443 
LOW Cal. Response = 0.13 HIGH Cal. Response 10.85 

LOW System Drift = -0.03 % HIGH System Drift = -0.32 % 

[CO ] Span Value= 6000 
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 1809.00 

INITIAL CALIBRATION TIME --> 1123 
LOW Cal. Response = 5.42 HIGH Cal. Response = 1831. 30 

FINAL CALIBRATION TIME ----> 1443 
LOW Cal. Response - 5.71 HIGH Cal. Response = 1853.80 

LOW System Drift = 0.00 % HIGH System Drift = 0.38 % 

[02 J Span Value= 25 
LOW Calibration Gas= 0.00 HIGH Calibration Gas= 11.SC 

INITIAL CALIBRATION TIME --> 1123 
LOW Cal. Response = 0.11 HIGH Cal. Response = 11.73 

FINAL CALIBRATION TIME ----> J.443 
LOW Cal. Response = 0.12 HIGH Cal. Response = 11. 80 

LOW System Drift = 0.03 % HIGH System Drift = 0.27 % 

L-42 



L-3 

CEM Response Time Determination 
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RESPONSE TIME DETERMINATION �

FACILITY C:CI c.. c,n#\ k fol 5 ~ 


]
I
/('?(~9DATE 

ANALY2ER TYPE.___l_i>____ 

? c)() ~SPAN GAS CONCENTRATION. _ _.::;.2___~____ 

ANALY2ER REPSONSE ,).. '? f 'f 

UPSCALE RESPONSE TIME DOWNSCALE RESPONSE TIME 

tSS SECONDS 1 SECONDS1 l'lt �
2 I 5" L{ SECONDS 2 If~ SECONDS �

-
3 I t/5 SECONDS 3 I 'I). SECONDS 

AVG. (5T 3 SECONDS AVG. / '/ L/. <> SECONDS 

· ·---:NTS: 

T,..,,.,c_ of- /,"/3 wr,,.:, fJi'- S(tJ~~>.J

> Q'l\~(1~,,~, /u,M,tft/ uf f-o 
1(eJfO/'l::,t 

IJJ.ll ~ ,.,.~.,.f(.J ~ /.cJ/""U< ;.,,,,
f/CQrf.lr frl·°-""' f-, · 
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I �
I �

RESPONSE TIME DETERMINATION �

I FACILITY c.·c, t. A(\ nL-· 0u1 �

rDATE ]/!~ ( Cf C, �

IANALVZER TYPE___(_o____ �

lsPAN GAS CONCENTRATION __. :..£/f-'-."'""0_,._.,_,t/:;.i...;:;....,_ 

IANALVZER REPSONSE /7 . f,, /JI. ,,. V 

IUPSCALE RESPONSE TIME DOWNSCALE RESPONSE TIME. 

1 /) "( SECONDS 1 /rt SECONDS 

I 2 /Jl{ � SECONDS 2 /)-1, SECONDS 

SECONDS 3 It 9 SECONDS'~c 
i 

AVG. t).o. J SECONDS AVG. l>-3. 1 SECONDS 

I 
COMMENTS: 

I 
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RESPONSE TIME DETERMINATION 

FACILITY (.',,.., c: ,.c,.,J.; 

DATE �

ANAL VZER TYPE.__0_.._____ �

SPAN GAS CONCENTRATION. ___)...:./_._o_'?._.,_d._v_ 

ANAL VZER REPSONSE _____)........,._~......£__._.,/4.__tf_..,_
1

UPSCALE RESPONSE TIME DOWNSCALE RESPONSE TIME 

1 IJ> SECONDS 1 /( i SECONDS 

2 It 7 SECONDS 2 {{f SECONDS 

3 
I

l>-t SECONDS 3 I{) 'f SECONDS 

AVG. /)../4 ,c) SECONDS AVG. SECONDS11½3 

. ~ ..... _.ITS: 
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CEM Calibration Records 
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EPA METHOD 20 �
INTERFERENCE RESPONSE TABLE �

Date: �
Analyzer Type: �
Serial Number.· �
Span Value: �

!Test Gas Type 

co 
C2 

S02 

NOx 

Total 

04/19/93 �
Carbon Dioxide # S

91-20-15 �
20 % 

Concentration 
<oomdv) 

488 

21.9 

231 

232 

Analyzer 
Cutout 

0.101 

0.203 

-0.021 

-0.007 

% of Span 

0.0051 

0.0102 

0.0011 

0.0004 

0.0166 

% of Span = (Analyzer output response/ Instrument span) x 100 
The sum of the (% of Span) values should not exceed 2%. 
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METHOD 20 �
INTERFERENCE RESPONSE TABLE �

DATE: S &~lq/
' 7 

ANALYZER TYPE: 

SERIAL NUMBER: i;f- l {"j/ S - ll,.?

TEST GAS TYPE 

0 2-. ~l'1 01 1'7'1'~ 

CtJz 1l Jt 02c;111 

S ()2.. ,Ln QY~/fo 

fVvx /f Al '35--311 
TOT.AL 

CONCENTRATION 

(ppmdv) 

2 1-1 ¼ �

I 0. /L/ % 

zz lf 
1-Z.b 

ANALYZER �

OUTPUT �

o,at::t;o 

- 0.01>( 

o.o 

-tJ. I '30 

- ; (J i-r 

% OF SPAN 

I DO '8 

- ~035 

o.o �
-o.&13 �

- o, ooff' 

% OE. SPAN_=__,.ANAL'YZER. O.UTEUT. RRSEONSE/INSTRUMENT SPAN) . .LlOO 

The sum of the(% of Span) values should not exceed 2%. 
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0 

REFERENCE METIIOl J\.LIBRJI.TION Dl\TJ\ 
. "GE (OF/

... 
ANALYZER CALIBRATION~-u,J~YZER .10:co :tr~ 't5-Zf g1,-2i 7

u11r•rs :(PP/1 ~ c1} I SPAN: /,00 o GAS GJ\S ANJ\LYZF.R ERROR 
·• RJ\NGE CYLINDER ID VALUE RESPONSE 't SPAN TIMI 

-~OIJllCE IDs ;f~u{c/~t11~ ~&. ZERO )It. ,AX Z111'1 0 0, 00/ oo o/ 7: IJ 
LOCATION: l 15 

..... 5~1' --r% 
I LOW / 0 AL11 Ol'iZ!t 1-16,2 300,0 , 18. 'J .' I , 

'l'ECIINICIAN: l, S. �
HIGH�·-·· (,O!tlM O'-/'f/1f! ~1'1 5''/t. 3l , zJ 6 7: I 1 

IH\'l'E(S): -.) I '2 '! I 1, 
. ·--~--·. OTIIER CtJ Alflf o31 '316 1, &./~ 8 '/J,g , 3 2- 1.: 2, 

BYSTEM BIAS AttD"ORIFT SYS'fEM BIAS SYSTEM DRIFT 
.•.. 

ANALYZER S.YS'l'EM ABSOLUTE ERROR SYSTEM I\BSOLU'rE EnROR 
!HIN J() RI\NGf~ RESPONSE RESPONSE ERROR % SP,AN TIME RESPONSE ERROR % SPAN TIM 

.·;-·...;.~ - •-= .- . =
iZERO I 

UPSCl\l,E 
:·;.:;- ~.:::..I!"~, . 

ZERO 

UPSCI\J,E . 
. ·:.•:.:a=: 

ZERO : 

IJ[)SCl\1,1~ 
,•,.:••~t~L-=, = 

ZERO 

llPSCJ\J,E 
.. --~ - . 

IZERO �

UPSCALE�- ==3 -·-
ZERO �

UPSCALE �
::;=_ 

F: \HJlDOC\,lTII\FORMS\CEMl. OOC 
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METHOD 20 �
INTER.FERENCE RESPONSE TABLE �

DATE: 

.ANALYZER TYPE: O:z 

SERIAL NUMBER: \D2.4u9 

TEST GAS TYPE 

Slk ,.,,/. 'toe 41 .!II<:'£. , 

NO~ ,~,."'- lli>llrl'l~t 

to 
c..11/, •-~U 1,c.c.. 

C.0.:. Hl,4 ALl'lt.~I? 

TOT.AL �

CONCENTRATION 

(ppmdv) 

22~ 

223 

44Z.. �
ID. Lj 76 

A."Uu.YZER % OF SPAN 

OUTPUT 

:),02 ~., 
(;. () \ D 7\.u 

0. D\ (), o 

()_ 06 0.b 

0, \ 

___% OF SPA.~ = (ANALYZER OUTPUT RESPONSE/INSTRUMEN'!' SPAN) X 100 

The sum of the (% of Span) values should not exceed 2%. 
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REFERENCE METHOl .1i\LIDRJ\.TION DATA 
PJ\GE OF 

-
l\Nl\JJYZER ID: 0.,. 'ii? ....... ANALYZER ChLIBRATION 

I �

/02 (./t.,C, 

UIIITS: I 

SPAN: ..?.1 ro GAS GAS ANALYZER ERROR?.·- RANGE CYLINDER ID . VALUE RESPONSE % SPAN 
SOllllCB ID1 ~ME 

ZERO /it.! , A~ C 0 ~'t)
f,OCATION I f.TS �

LOW � o. \ /3:~
'l'l::~IINICIAN: 'l:>, \k.t:.t,/ f: 

0.. HIGII 0ZI.? ..2 I 0 1~:~s:Di\1"E(S): o I I 03 I C/5'.~ 

I 
OTHER 

---- •' 

f'lYS'l'EM BIJ\S ANO" onIF'Ji S'iS'!'EM BIAS SYSTEM DRIFT 
··-·-·· 

ANALYZEn SYSTEM ABSOLUTE ERROR SYSTEM ABSOLUTE ERROR 
HIIN IO RANGE RESPONSE RESPONSE ERROR . I SPAN TIME RESPONSE ERROR \ SPAN TIME 

··:··.,...~ 
,- ZERO 

I 
U'I 
N . UPSCALE 
·.-i:,.·ff.ff'~. 

ZERO �

UPSCALE�
l~c. 

ZERO 

UPSCJ\I,E 

ZERO 

. ' 
UPSCALE 

.- 

ZERO 
--- .. 
UPSCALE 

-· 
IZERO I 

-
UPSCALE I ... 

r. \ ,,..,,n,.,.,..., • •1\ l:'"n".1r,\ nl:'1.11 f"\nr, 

http:nl:'1.11
http:l:'"n".1r
http:i:,.�ff.ff
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SE SPECTRA GASES 
277 Coit St. • Irvington. NJ 07111 USA Tel.: (973) 372-2060 • (800) 932-0624 • Fax: (973) 372-SSSl 

Shipped From: 80 Industrial Drive • Alpha. N.J. 08865 

CERTIFICATE OF ANALYSIS EPA PROTOCOL MIXTURE 

CUSTOMER: 
SGI ORDER#: 
ITEM#: 
P.O.#: 

CERTIFICATION DATE: 4/22/98 
EXPIRATION DATE: 

CERTIFICATION HISTORY 

COMPONENT �
Propane �

\ 

-
' 

BALANCE 

REFERENCE STANDARDS �

COMPONENT �
Propane �

INSTRUMENTATION 

COMPONENT 

Propane 

PROCEDURE # : G1 

I 
ETS, INC CYLINDER#: CC90980 
132640 CYLINDER PRES: 2000 PSIG 

3 CGA OUTLET: 350 I6732 

I4f2212001 

DATE OF MEAN CERTIFIED ANALYTICAL I 
ASSAY CONCENTRATION CONCENTRATION ACCURACY 

4/'22198 86.6ppm 86.6 ppm +/-1%- I �
I �
I �
I �

Nitrogen 

SRM/NTRM# CYLINDER# CONCENTRATION �
SRM-26438 SX20148 99.1 ppm � I �

I �
MAKE/MODEL SERIAL# DETECTOR CALIBRATION IDATE(S) 

H. Packard 6890 US00001434 GC-RD 3125198 

I"
... 

ITHIS STANDARD WAS CERI IFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES. 

DO NOT USE TIIS STANDARD F THE CYUNDER PRESSURE IS LESS THAN 1IIO PSIG. 

41'1219aANALYST::___.__:~:::_~J-:=:==--- DATE: _______ 

1 -§1Mii---------------:�.....______TE_D_N-EEM_E___.....,.. 

I 



//03SPECTRR 6RSES INC. 
3434 Route 22 West• Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-Q62-4 • Fax: (908) 252--0811 
Shipped From: 80 Industrial Drive• Alpha, NJ 08865 

CERTIFICATE OF ANALYSIS EPA PROTOCOL MIXTURE 
PROCEDURE # : G1 

CUSTOMER: ETS, INC CYLINDER#: CC94m 
SGI ORDER#: 136421 - CYLINDER PRES: 2000 PSIG 
ITEM#: 3 CGA OUTLET: 350 

P.O.#: 6933 

CERTIFICATION DATE: 10/S/98 
EXPIRATION DATE: 10/5/2001 

CERTIFICATION HISTORY 

COMPONENT 
Propane 

DATE OF 

ASSAY 
10/5/98 

MEAN 
CONCENTRATION 

124.6 ppm 

CERTIFIED 

CONCENTRATION 
:124.6ppm 

ANALYTICAL 
ACCURACY 

+/-1% 

BALANCE Nitrogen 

PREVIOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS 

COMPONENT SRM/NTRM# 
Propane GMIS-1 

CYLINDER# 
CC53375 

CONCENTRATION 
1004 ppm 

INSTRUMENTATION 

COMPONENT 

Prooane 

MAKE/MODEL 

H. Packard 6890 

SERIALt 

US00001434 

DETECTOR 

GC-F.10 

CALIBRATION 
DATE(S) 
10f1198 

I TiflS STANDARD WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES. ~ 


00 NOT USE 1lflS STANDARD IF THE CYLINDER PRESSURE IS LESS 1l1AN 160 PSIG. �

l... - DATE: _______ 

I 
1015/98 

TED NEEME 
ANALYST: . :-=lf\ h,_ 

~ ...... .."""---------------L_"'l!'t!"_______________.,,.~ 



-------

I 
SPECTRH GHSES INC. ~ 

3434 Route 22 West• Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-0624 • Fax: (908) 252-0811 
Shipped From: 80 Industrial Drive • Alpha, NJ 08865 

CERTIFICATE OF ANALYSIS �

CUSTOMER: ETS, INC 

SGIORDER#: 142592 

ITEM#: 8 
p_Q.#: 7212 

CERTIFICATION DATE: 5/14/99 
EXPIRATION DATE: 5/14/2002 

CERTIFICATION HISTORY 

DATE OF 
COMPONENT ASSAY 
Carbon Dioxide 5114/99 

Oxygen 5114/99 

' BALANCE Nitrogen 

PREVIOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS 
COMPONENT SRM/NTRM# 
Carbon Dioxide NTRM-82745x 

Oxygen NTRM-82659X 

INSTRUMENTATION 

COMPONENT MAKE/MODEL 

Carbon Dioxide Horiba VIA-510 
Oxv9en Horiba MPA-510 

MEAN 
CONCENTRATION 

18.00% 

21.0 o/o 

CYLINDER# 

CC79944 
CC83900 

SERIAL# 

571417045 
570694081 

EPA PROTOCOL MIXTURE 
PROCEDURE# : G1 

CYLINDER# : CC84936 
CYLINDER PRES: 2000 PSIG 
CGA OUTLET: 590 

CERTIRED ANALYTICAL 
CONCENTRATION ACCURACY 

18.00% +/-1% 

21.0% +/-1% 

CONCENTRATION �
20.00% �
22..80% �

DETECTOR CALIBRATION 
DATE(S} 

NOIR 513199 
PM 513199 

THIS STANDARD WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES. 

DO NOT USE THIS STANDARD IF lliE CYLINDER PRESSURE IS LESS THAN 150 PSIG.. 

ANALYST:__~----~---- DATE: 5/14/99 

FRED PIKULA 



CERTIFICATE OF ANALYSIS � EPA PROTOCOL MIXTURE 
PROCEDURE # : G1 

CUSTOMER: ETS, INC � CYLINDER# : CC88474 

SGIORDER#: 139104 � CYLINDER PRES: 2000 PSIG 
ITEM#: 9 � CGA OUTLET: 590 
P.O.#: � 7305 

CERTIFICATION DATE: 1/22199 �
EXPIRATION DATE: 1/22/2002 �

CERTIFICATION HISTORY 

DATE OF MEAN CERTIFIED ANALYTICAL 

COMPONENT ASSAY CONCENTRATION CONCENTRATION ACCURACY 
Oxygen 1/22199 11.50% 11.50 % +/-1% 

Carbon Dioxide 1/22/99 11.01 % 11.01 % +/-1% 

·

•, 

BALANCE � Nitrogen 

PREVIOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS �
COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION �

Oxvoen NTRM-82659X CC83900 22.80% �
Carbon Dioxide . NTRM--82745x CC79944 20.00% �

INSTRUMENTATION 

COMPONENT MAKE/MODEL SERIAL# DETECTOR CALIBRATION 

DATE(S) 
Oxvoen Horiba MPA-510 570694081 PM 12/30/98 

Carbon Dioxide Honba VIA-510 571417045 NDIR 1/20199 

I THIS STANDARD WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES. 

DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG. 

I ANALYST:_ __::~._.:./'?_._____ DATE: ___1_12_219_9__ 

FRED PIKULA 

L-57 
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I 
SPECTRA 6HSES.INC. � ~ 
3434 Route 22 West• Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-0624 • Fax: {908) 252-0811 
Shipped From: 80 Industrial DIM • Alpha, NJ 08865 

CERTIFICATE OF ANALYSIS � EPA PROTOCOL MIXTURE 
PROCEDURE # : G1 

CUSTOMER: ETS, INC CYLINDER # : CC79868 

SGI ORDER#: 135096 CYLINDER PRES: 2000 PSIG 

ITEM#: 1 CGA OUTLET: 350 

P.O.#: � 6873 

CERTIFICATION DATE: 8118/98 
EXPIRATION DATE: 8/18/2001 

CERTIFICATION HISTORY 
DATE OF MEAN CERTIFIED ANALYTICAL 

COMPONENT ASSAY CONCENTRATION CONCENTRATION ACCURACY 

Carton Monoxide 8/11/98 914.0 ppm 915 ppm +/-1% -
8118198 915.3 ppm 

\ 

• 

BALANCE � Nitrogen 

PREVlOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS 
COMPONENT SRM/NTRMI CYLINDER# CONCENTRATION 

Carbon Monoxide NTRM-a1681 CC55773 994 ppm 

-

INSTRUMENTATION 

COMPONENT MAKE/MODEL SER1A,Lf# DETECTOR CALIBRATION l -� DATE(S} 
Carbon Monoxide Horiba VIA-610 570423011 NDIR 7/30/98 

I 
THIS STANDARD WAS CERTIFIED ACCORDING TO ntE EPA PROTOCOL PROCeDURES. 
DO NOT USE nas STANDARD IF THE CYLN>ER PRESSURE IS LESS THAN 150 PSIG. 

ANALYST: ~ DATE: ___81_18198 
FRED PIKULA 



SPECTRA 6RSES INC. ·· 
3434 Route 22 West• Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-0024 • Fax: (908) 252--0811 
Shipped From: 80 Industrial Drive • Alpha, NJ 08865 

r � "" 
,r � .... 

CERTIFICATE OF ANALYSIS � EPA PROTOCOL MIXTURE 
PROCEDURE # : G2 

'• 

CUSTOMER: ETS, INC CYLINDER # : CC75430 

SGIORDER#: 135096 CYLINDER PRES: 2000 PSIG 
ITEM#: 3 CGAOUTLET: 350 

P.O.#: 6873 

CERTIFICATION DATE: 8/18J98I .EXPIRATION DATE: 8/18/2001 

l CERTIFICATION HISTORY 

DATE OF MEAN CERTIFIED ANALYTICAL 
COMPONENT ASSAY CONCENTRATION CONCENTRATION ACCURACY 

I Carbon Monoxide 8/11/98 5962ppm 5971 ppm +/-1% 

8/18/98 5979 ppm 

I 
~ ,,'. 

BALANCE � Nitrogen 

I PREVIOUS CERTIFICATION DATES: None 

I 
REFERENCE STANDARDS �

COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION �
Carbon Monoxide NTRM-a1681 CC55n3 994 ppm 

I � -


I INSTRUMENTATION 

I 


COMPONENT MAKE/MODEL SERtALt DETECTOR CALIBRATION 

DATE(Sl 
cart>on Monoxide Horiba VIA..510 570423011 NDIR 7/30/98 

I 
THIS STANDARD WAS CERTIFIED ACCORDING TO lltE EPA PROTOCOL PROCEDURES. 

1~ � 00 NOT USE THJS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG. �

I 
ANALYST: ~_/4.-.. DATE: 8/18J98 

FRED PIKULA ------

I 



------

I 
SPECTRR 6RSES INC. � ~ 
3434 Route 22 West• Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-()624 • Fax: (908) 252--0811 
Shipped From: 80 Industrial Drive • Alpha. NJ 08865 

CERTIFICATE OF ANALYSIS � EPA PROTOCOL MIXTURE 
PROCEDURE # : G2 

CUSTOMER: ETS, INC � CYLINDER # : CC53292 

SGI ORDER#: 135096 � CYLINDER PRES: 2000 PSIG 

ITEM#: 2 � CGA'OUTLET: 350 

P.O.#: 	 6873 

CERTIFICATION DATE: 8/18/98 �
EXPIRATION DATE: 8/18/2001 �

CERTIFICATION HISTORY 
, OATEOF MEAN CERTIFIED ANALYTICAL 

COMPONENT ASSAY CONCENTRATION CONCENTRATION ACCURACY 

C8rbon Monoxide 8/11/98 2999ppm 3005 ppm +/-1% 
8118198 3011 ppm 

' 
•, 

-BALANCE � Nitrogen 

PREVIOUS CERTIFICATION DATES: None 

REFERENCE STANDARDS �

COMPONENT SRM/NTRMt CYLINDER# CONCENTRATION �
cart>on Monoxide NTRM-81681 CC55n3 994 ppm �

. 

INSTRUMENTATION 

COMPONENT MAKE/MODEL SERIAL# DETECTOR CALIBRATION 

DATE(S) 
Carbon Monoxide Horiba VIA-510 570423011 NOIR 7/30/98 

THIS STANDARD WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCeDUR.ES. 

DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG. 

s 
ANALYST:~ DATE: 8118/98 

FRED PIKULA 

l 
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5G SPECTRH 6RSES INC.·7 

3434 Route 22 West • Branchburg, NJ 08876 USA Tel.: (908) 252-9300 • (800) 932-()624 • Fax: (908) 252-0811 
Shipped From: 80 Industrial Drive • Alpha, NJ 08865 

I 
i 

CERTIFICATE OF ANALYSIS � EPA PROTOCOL MIXTURE 
PROCEDURE# : G2 

I 
I CUSTOMER: ETS, INC CYLINDER#: CC109915 

SGIORDER#: 144039 CYLINDER PRES: 2000 PSIG 
ITEM#: CGA OUTLET: 350 
P.O.#: � 7275 

I CERTIFICATION DATE: 7/6/99 
EXPIRATION DATE: 7/612002 

I CERTIFICATION HISTORY 

DATE OF MEAN CERTIFIED ANALYTICAL 
! COMPONENT ASSAY CONCENTRATION CONCENTRATION ACCURACY
i 

Carbon Monoxide 6129/99 1813 ppm 1809 ppm +/-1%llt 
7/6/99 1804 ppm 

I ·

BALANCE . Nitrogen 

PREVIOUS CERTIFICATION DATES: None 

I 
I REFERENCESTA'NDARDS 

COMPONENT SRM/NTRM# CYLINDER# CONCENTRATION 
Carbon Monoxide NTRM-81681 CC55773 994 ppm 

I �
INSTRUMENT A TlON 

I COMPONENT MAKE/MODEL SERIAL# DETECTOR CALIBRATION 
DATE(S) 

Carbon Monoxide Horiba VIA-510 570423011 NDIR · 6128199 

I 
I THIS STANDARD WAS CERTIFIED ACCORDING TO THE EPA PROTOCOL PROCEDURES. 

DO NOT USE THIS STANDARD IF THE CYLINDER PRESSURE IS LESS THAN 150 PSIG. 

It � W..____ANALYST:___ 716199DATE: ------
FRED PIKULA 

I �
I �



(810) 589-2950 FAX:(810) 589-2134 I 
_c_ER_r_1F_1_c_AT_E_o_F_A_NA_L_v_s_1s_:_E_P_A"""."P"""."R_o_ro_c_o_L_G_As___________ I 
Customer Auay Laboratory �
CLEAN AIR ENGINEERJNG Scott Specialty Gases, Inc � Purchase Order: 18566-71-6SOOO 
ATTN DON ALLEN ' • 1290 Combcrmere Scott Project# : 543076 I500 W WOOD STREET � Troy, Ml 48083 
PALATINE, ll. 60067 

ANALYTICAL INFORMATION I 
This ~fication was ~rfonned according ID_EPA Traceability Protoc:ol For Assay and Certification of Gaseous 
Callbl'ltlon Stmdards; ProCledurc GI; Sq,fcmbcr, 1993. 

Cylinder Namber: ML9476 Certificate Date: 4n/99 Ellpiration Date : VT/2002 
_Cylinder Pressure+: 1900 psig Previous Certificate Date: None I 

" -~ .-,. -~ :-:~ ~<(NALVZED CTLINDER 
· ·· :..· ··:.·~:Cofflpgncah ICutificd Concentration Analrtical·Vnccrtalntx• 

Carbon DlHide � :l;l % NIST Directly Traceable 6.13 "'·Oxyieo � 1'.2% ::t:1% NIST Directly Traceable 

I 
· Balance Gas: . N-.troeen 

~ :: . REFERENCE STANDARD I 
·. , Type" Expiration Date Cyllader Number Coaceatntioa 
,.':'.:-· -.~:-··NTRMISOOO 4/12/2001 ALM047394 17.95 % Carbon Dioxide in Nitrogen

• : ,. - . -NTRM26S9 12/1/2001 ALM065379 � 20.92 % Oxygen in Nitrogen .1 
: .·-.-.,: �

;,·.' '-~ .:jHSTRUMENTATION �
Iutriameat/Model/Serial # Last Date Calibrated Analytical Priuciple � I 
CO2: Horiba/OPE-135 4rl/99 Non-dipasive lnrnired �

. ·Honoa 4rll99 Paramagnetic �

I 
ANALVZER READINGS (Z-Zera Gu R•Retcreace Cu T•Test Gas r-Corrdalloa Coemd,ar) 

·., Co'mpooents First Triad Analysis Second Triad Analysis Calibration Curve I 
· · ·· --· ~n Dioxide � 0-4f7f'i/8 .._..Ur'III: ... <b' �

Z1-0.00 lt1alCL20 T1"'45.20 lfT'AM11000 �

ltMICl.20 "Z2a0.00 l2a45.2D � Aa--Cl.004118017S 

I � ..0.11!12T.ml0 C>Q.000031791Z3a0.00 ""'45.20 ltla9Q.20 

Awg.Canc.af~C,C. 1.1:t,. � r,,,o.oaao,- 1-0.000000000 

Oxygen 0.:4/7,. IIMpalwolNE ... � C--.....,\.e.-Cr <b' 
,.,..IIOll0I)Z1-0.00 lt1s1211.00 TI--.SO � ~ 

I 
R2-120.00 ZM00 'T2olL50 c:.- /11&4.021~ 

eoc.z,3311*10 C-.0.00025ll055z:,.c.oo n-aao 111-1211.0II 
A"9-Canc.fll~C,C. w..2,. 0-0.000001112 l-0.000000000 

Special Notes 

Aaalyst 

L-62 
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II Scott Specialty Gases 
"· 1290 COMBERMERE STREET, TROY, Ml 48083 Phone: ( 248) 589-2950 Fax: ( 248) 589-2134 

CERTIFICATE OF ANALYSIS: EPA PROTOCOL GAS 

Customer Assay Laboratory 
CLEAN AIR ENGINEERING · Scott Spec:illlty Gases, Inc Purchase Order: 18373-75-6SOOO 
ATIN DON ALLEN 1290 Combennere Scott Project# : S39848 
SOO W WOOD STREET Troy, Ml 48083 �
PALATINE, IL 60067 �

ANALYTICAL INFORMATION 
This ccnification was l)!:rfonncd according to EPA Traceability Protocol For Assay 111d Certification of Gaseous 
Calibration Standards; Procedure GI; September, 1993. 

{·· · ·'. ... Cylinder Number: ALM0088S8 Certific2te Date: 2/8/99 Expiradon Date: 2/8/2002 �
·. ·::·.:·,· :.:Cylinder Preuure +: 1900 psig Previou1 Certificate Date: None �

··"· 

·- ,·. ·ANALVZED CVLINDER �
Components Ccrtfticd Conccotratjon An1Mic;.al Uncertainty•�-t 
c.·rbon Monoxide 4'i7.0 ppm· :i:1 •;. NIST Directly Tnc:eable 

Balance Gas: Nitro&en �
.,; +Do 11111 uo whm cylillcler pn:sss,,rc is lid- ISO psis. . �

•Allalyucal accmxy is iachasivc of muaJ lmawn crrar saarczs which II leur include precisicn or the 111easurcment pn,cases. 
REFERENCE STANDARD �
Type Expiration Date Cylinder Number Concentration �

.::··· ..... ·. � NTRM I681 8/l /2002 ALM024833 966.1 ppm Carbon Monoxide in Nitrogen 

·_·_:: INSTRUMENTATION �
Instrument/Model/Serial# Last Date Calibrated Analytical Principle �
CO: Horiba/OPE-13.S/S65607092 2/8/99 !'-!on-dispersive Infrared �

.l'- -:·, .. 

ANALVZER READINGS (Z-Zcro Gas R•Rcrcrucc Gas T•Tat Gas r-Corrcladoa Coeffldcnr) 

''\/:I\??c:;poneots Fint Triad Aaaly,ls- Second Triad Analysis Calibration Curve 

Carbon Monoxide 0ala: 2!1111 it_...!Alb:mv Dala:2.111191 .._..!Alb:_ C-C-.....Aollx.C.~~~,. 

Z1-0.00 lt1"100.00 T1aSll.o40 z,-o.oo lt1"100.00 T1"51.40 "'1.alOOO NTRM1111 

R2-100.00 z:i.o.oo n-se.eo R2-100.00 Z2-0.00 T2a51.40 c--.: A-0.411215000 

Z:,.0.00 n-11.40 ,a.,oo.oo D-0.00 n-11.40 ia-100.00 ......-0000 C.0.01Dffl1127 

A¥0,C-.dCull.Cyl I/II7.3pp11 A¥0, C-. d Cull. Cyt e.7 Pl'ffl O-O.o002325el. • Ea0.00000a000 

.,: 

Special Notes 

Mail 
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Table M-1 �
THC, 0 2, M~isture, and Feed Rate Process Data �

MSD Emission Test Program �
No Runs �

July 19, 1999 �
Total H,,drocarbons (ppm) �

Uncorrected Corrected (7% 02, dry) Oxygen H20 Sludge Feed �
Hour 

Hourly Hourly Rolling (%) (%) (dry tons/hr) �

Average Average Average 

0:00 45.8 81.5 89.3 12.8 3.1 1.80 �

1:00 40.7 72.3 76.2 12.8 3.0 1.79 �

2:00 43.3 68.6 74.1 11.S 3.0 1.78 �

3:00 43.4 72.6 71.2 12.4 3.0 1.78 �

4:00 38.2 66.3 69.2 12.6 3.0 1.78 �

5:00 41.2 72.9 70.6 12.8 3.0 1.78 �

6:00 46.4 84.8 74.7 13.1 2.9 1.80 �
7:00 46.1 80.2 79.3 12.7 2.9 1.79 �
8:00 52.6 92.7 85.9 12.8 2.9 1.78 �
9:00 45.8 83.1 85.3 12.7 2.9 1.78 �
10:00 37.0 57.8 77.9 11.7 3.1 1.79 �
11:00 28.2 45.9 62.3 12.1 2.9 1.43 �
12:00 21.7 40:6 48.1 13.3 3.1 1.16 �
13:00 22.0 46.7 44.4 14.2 3.2 1.58 �
14:00 36.8 65.8 51.1 12.9 3.0 1. 78 �
15:00 49.9 90.9 67.8 13.0 3.0 1.78 �
16:00 SS.5 · 97.7 84.8 12.8 3.0 1.79 �
17:00 35.2 53.4 80.7 11.5 3.1 1.59 �

j18:00 44.2 60.9 70.7 9.6 3.3 1.27 �
19:00 14.4 26.9 47.1 13.3 3.1 1.55 �
20:00 28.8 53.0 47.0 12.9 3.0 1.80 � .J 
21:00 48.2 89.1 S6:3 13.2 3.0 1.87 
22:00 52.8 78.4 73.5 11.7 3.1 1.87 -, 
23:00 43.5 72.4 79.9 12.2 3.1 1.76 .i 

Average· 40.1 68.9 12.5 3.0 1.70 

Set up day no tests J 
J 
, 
JM-2 

1 



Table M-1 
THC, 0 2, Moisture, and Feed Rate Process Data 

MSD Emission Test Program 
Runs 1 and 2 
July 20, 1999 

Total H•1drocarbons (ppm) 

Uncorrected Corrected (7% 02, dry) Oxygen H20 Sludge Feed 
Hour 

Hourly Hourly Rolling (%) (%) (dry tons/hr) 

Average Average Average 

0:00 23.6 38.1 62.9 12.0 3.1 1.72 

1:00 22.6 48.3 52.9 14.3 3.1 1.72 

2:00 26.5 40.6 42.3 10.8 3.1 1.72 

3:00 21.0 38.6 ·42.5 13.1 3.1 1.72 

4:00 35.2 63.9 47.7 13.0 3.1 1.72 

5:00 39.4 69.4 57.3 12.8 3.0 1.72 

6:00 39.7 67.7 67.0 12.5 3.0 1.72 
7:00 38.3' 63.3 66.8 12.3 3.0 1.72 
8:00 40.1 69.0 66.7 12.6 3.0 1.72 
9:00 39.1 64.6 65.7 12.3 3.0 1.72 
10:00 37.7 66.7 66.8 12.8 3.0 1.72 
11:00 34.1 54.1 61.8 11.8 3.1 1.72 
12:00 28.6 46.4 55.7 12.0 3.1 1.72 
13:00 26.5 44.7 48.4 12.4 3.1 1.72 
14:00 30.0 49.4 46.8 12.2 3.1 1.72 
15:00 37.4 66.8 53.6 12.9 3.1 1.72 

16:00 42.0 71.4 62.5 12.5 3.1 1.72 
17:00 38.5 67.7 68.6 12.7 3.1 

--
1.72 

18:00 41.6 63.2 67.4 10.8 3.1 1.72 
19:00 41.9 1S.S 68.8 13.0 3.1 1.72 
20:00 42.8 74.8 71.1 - 12.7 3.1 1.72 
21:00 43.4 78.2 76.2 13.0 3.1 1.74 
22:00 40.3 67.S 73.5 -12.3 3.1 1.81 
23:00 39.9 63.8 69.9 12.0 3.1 1.81 

Run 1 Average 57.9 12.2 3.1 1.72 
P .,.., ? Average 70.6 12.5 3.1 1.74 

Shaded cells include test run data 

M-3 



TableM-1 �
THC, 0 2, Moisture, and Feed Ra.te Process Data �

MSD Emission Test Program �
- Run3 

July 21, 1999 
Total H Jdrocarbons (ppm) 

Uncorrected Corrected (7% 02, dry) Oxygen H20 Sludge Feed 
Hour 

Hourly Hourly Rolling (%) (%) (dry tons/hr) 

Average Avera!l;e A11erage 

0:00 34.7 57.9 63.1 12.3 3.1 1.45 

1:00 45.3 77.6 66.4 12.6 3.0 1.45 

2:00 43.6 67.5 67.7 11.3 3.0 1.45 

3:00 35.5 58.1 67.7 12.2 3.0 1.45 
4:00 40.9 70.5 65.4 12.6 3.0 1.45 

5:00 44.8 77.8 68.8 12.7 3.0 1.45 
6:00 45.6 78.7 75.7 12.6 3.0 1.45 
7:00 39.2 63.6 73.4 12.1 3.0 1.45 

8:00 36.3 61.7 68.0 12.5 3.0 1.44 
9:00 42.7 84.5 69.9 13.7 3.0 1.45 
10:00 45.1 94.8 80.3 14.1 3.1 1.45 
11:00 41.6 73.3 84.2 12.8 3.2 1.45 
12:00 47.9 72.6 80.2 11.6 3.2 1.45 
13:00 27.2 44.7 63.5 12.2 3.2 1.45 
14:00 27.1 41.3 52.9 11.4 3.3 1.45 -
15:00 22.6 36.8 41.0 12.1 3.2 1.45 
16:00 20.4 31.3 36.5 11.5 3.3 1.45 

17:00 22.7 . 38.8 35.7 .12.5 3.2 1.45 
18:00 18.2 24.9 31.7 9.4 3.3 1.44 

19:00- 15.8 24.1 29.3 11.5 3.3 1.41 
20:00 16.7 29.2 26.1 12.7 3.2 1.39 
21:00 22.4 38.9 30.7 12.6 3.2 1.39 
22:00 18.4 32.4 33.5 12.7 3.2 1.39 
23:00 25.9 45.8 39.0 12.8 3.2 1.39 

Run 3 Avera2e 54.2 12.3 3.2 1.45 

Shaded cells include test run data 

M-4 



Table M-1 �
THC, 0 2, Moisture, and Feed Rate Process Data �

MSD Emission Test Program �
·- Run4 

July 22, 1999 
Total Hvdrocarbons (ppm) 

Uncorrected Corrected (7% 02, dry) Oxygen
Hour 

Hourly Hourly Rolling (%) 

AveraJl;e Average Average 

0:00 21.0 37.7 38.6 12.9 

1:00 28.0 48.7 44.1 12.6 

2:00 21.0 34.4 40.3 10.9 

3:00 29.7 Sl.6 44.9 12.6 
4:00 20.6 35.8 40.6 12.7 

5:00 18.8 31.7 39.7 12.4 

6:00 21.6 42.5 36.6 13.7 
7:00 37.7 80.l 51.4 14.2 
8:00 32.5 57.3 60.0 12.7 
9:00 20.4 37.8 58.4 13.2 
10:00 20.1 34.6 43.2 12.6 
11:00 20.8 .36.3 36.2 12.7 
12:00 18.5 31.4. 34.1 12.S 

19.2 33.3 33.7 12.7-13:00 
14:00 18.2 30.6 31.8 12.4 
15:00 22.6 38.8 34.2 12.6 
16:00 24.7 39.4 36.3 11.9 
17:00 18.9 31.4 36.5 12.3 
18:00 23.7 33.1 34.6 9.8 
19:00 18.6 31.6 32.0 12.S 

· 20:00 23.4 39.6 34.7 12.4 �
21:00 23.3 37.1 36.1 11.9 �
22:00 22.9 39.2 38.6 12.6 �.... 
23:00 28.l 48.4 41.6 12.6 

~ ,,,, 4 Average 37.5 12.6 

H20 

(%) 

3.2 

3.2 

3.2 

3.2 
3.1 

3.1 
3.1 
3.2 
3.2 
3.2 

3.2 

3.3 
3.3 

3.3 

3.3 
3.3 
3.3 

3.3 
3.4 

3.3 

3.3 

3.3 
3.3 
3.2 

3.3 

Sludge Feed 
( dry tons/hr) 

1.55 

1.53 

1.53 
1.53 

1.53 
1.53 
1.53 
1.53 
1.53 . 

1.53 

1.53 
1.53 
1.53 

1.53 
1.53 
1.53 
1.53 
1.53 

1.53 
1.51 

1.52 

1.54 
1.57 
1.58 

1.53 

Shaded cells include test run data 
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MSD Daily Data Reports 
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I 
Metropolitan Sewer District of Greater Cincinnati and Hamilton County ?11,,.; 1 of! 

Mill Creek Waste Water Treatment Plant 

- . ., --~ ....--·- ......-... -·. 
·• 7/19/1999 

~Incinerator #6 "Daily" Report 
-

Uncorr. CEM Moisl Corr. Rolling Sludge Sludge Acc:um. LOWEST HIGHEST Report �

THC Oxygen H20 THC C.THC Feed Feed Sludge STATUS STATUS Event �
Hour (ppm) ('-) (%) (ppm) (ppm) (wet lb/hr) (dry lb/hr) (dry tens) �

0:00 � 45.8 12.81 3.09 81.51 89.29 15428 3e(),4 1.80 BURN BURN NO 

1:00 � ,40,7 12.85 3.02 72.30 78.18 15345 3585 3.59 BURN BURN NO 
2:00 � -43.3 11.-48 2.98 ee.61 74.14 15245 3!81 5.37 BURN BURN NO 
3:00 � ,43,4 12.38 3.00 72.63 71.18 15245 3561 7.18 BURN BURN NO 
4:00 � 38.2 12.65 2.97 66.26 69.17 15245 3561 8.94 BURN BURN NO 

5:00 � 41.2 12.85 2.95 72.93 70.60 15245 3561 10.72 BURN BURN NO 
6:00 � 48.4 13.10 2.92 84.81 74.67 15384 3594 12.51 BURN BURN NO 

7:00 � 46.1 12.70 2.92 80.21 79.32 153e6 3S89 14.31 BURN BURN NO 

8:00 --52.6 12.78 2.89 92.71 85.91 15245 3561 16.09 BURN BURN NO 
9:00 � 45.8 12.68 2.91 83.09 85.34 15245 3561 17.87 BURN BURN NO �

-�
10:00 � 37.) 11.73 3.05 57.84 77.88 15329 3581 19.66 BURN BURN NO 
11:00 � 28.2 12.13 2.93 45.85 62.26 12211 2852 21.09 BURN BURN NO 
12:00 � 21.7 13.34 3.09 ,40.60 48.10 9891 2311 22.24 BURN BURN NO 
13:00 � 22.0 14.22 3.20 46.75 44.,40 13506 3155 23.82 BURN BURN NO 
14:00 � 36.8 12.93 3.01 65.84 51.06 15245 3561 25.60 BURN BURN NO 
15:00 � 49.9 13.02 3.04 90.93 87.84 15245 3561 27.38 BURN BURN NO 
16:00 � 55.5 12.80 3.02 97.74 84.84 15314 3577 29.17 BURN BURN NO 
17:00 � 35.2 11.49 3.05 53.41 80.69 13645 3187 30.78 BURN BURN NO 
18:00 � 44.2 9.59 3.28 60.95 70.70 10868 2539 32.03 BURN BURN NO 

19:00 � 14.4 13.30 3.13 26.94 47.10 13288 3104 33.58 BURN BURN NO 
20:00 � 28.8 12.94 3.02 52.98 4e.96 15408 3599 35.38 BURN BURN NO 

·
21:00 48.2 13.19 3.02 89.08 58.33 1597~ 3731 37.25 BURN BURN NO �

22."()() 52.8 11.70 3.12 78.39 73.48 15971 3731 39.11 BURN BURN NO �
23:00 � -43.5 12.24 3.12 72.37 79.94 15079 3522 ,40.1!18 BURN BURN NO �

,40.1 12.54 3.03 68.95 69.47 14582 3406 40.88 0 �-

SludgeMulllplle• 0.234 

"NOTE: FOR "YES" REPORT EVENT 

02 a HIGH OXYGEN VIOl.ATION DP• LOW SCRUBBER DP VIOt.ATION 

SQ • LOW SCRUBBER FLOW VIOLATION OP • HIGH OPACITY VIOLATION 

Print Dai.: 8124199 
Print T1me: 10:52 AM 
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 2 of 5 

Mill Creek Waste Water Treatment Plant 

Date or Report 
:-: 7/1911999 

~Incinerator #6 •oally" Report 
-

Fuel Acclirn. Fuel Aca,m, Fuel Accum. Furnace Saubber Flue Breech ScnJb a Inc. Bum 
N.Gas N.Gas Digester Digester Oil Fuel OD PrNsure D.P. Opacity 02 GPM Hours 

Hour (scfh) (cf) (scfm) (cf) (gpm) (gal) (ln.H20) (ln.H20) (%) (%) (hr) 

C:00 2903 2903 0 0 -0.51 28.45 4.0 5.3 1225 1 

1:00 2732 5635 6 6 -0.50 28.13 3.0 4.2 1224 1 

2:00 1990 7W 1030 1036 ..0.51 28.15 3.0 4.0 1226 1 

3:0C 1437 IIOe2 2815 3851 -0.50 28.05 3.0 3.7 1226 1 

4:00 1201 10283 2340 51191 -0.50 28.18 3.0 4.1 1227 1 -· 
5:00 18" 10,&47 6 5997 � ..().50 28.08 3.0 4.5 1228 1 

6:00 0 10447 12 8009 � ..().50 28.00 3.0 5.6 1227 1 ,7:00 � 36 10483 30 6039 ..0.50 28.03 3.0 3.8 1228 

8:00 � 166 10649 0 6039 -0.50 28.05 3.0 5.1 1297 1 

9:00 � 3756 14405 0 6039 ..(),50 28.28 2.9 5.4 1352 1 

10:00 � 2521 16926 6 9045 ..0.50 28.50 3.5 2.8 1355 1 

11:00 0 16926 6 6051 � ..()..50 28.13 2.7 5.7 1351 1 

12:00 � 1756 18682 12 9063 ..0.49 28.15 2.0 8.9 1347 1 

13:00 � 3695 mn 1937 8000 ..()~ 27.70 2.7 6.1 1338 1 

14:00 � 271 22646 2548 10548 ..().30 27.08 3.0 5.2 1335 1 

15:00 2 22!SO 876 11224 � ..().31 26.85 2.6 5.5 1332 1 

16:00 � 1665 24315 15 1123a ..().30 26.95 4.3 4.9 1332 1 

17:00 � 3233 2754S ,4Qe 11645 ..().30 27.30 3.0 3.4 1332 1 

18:00 � 1468 2901~ m 12222 -0.30 28.28 3.1 6.1 1331 1 

19:00 � 4599 33615 17 12239 -0.31 · 27.33 s.o 5.1 1328 1 

20:00 � 802 34217 0 12239 -0.30 27.08 3.0 4.8 1327 1 

21:00 � 3.."56 37773 614 12853 .0.29 27..s3 3.7 4.2 1327 1 

22:00 � 3695 41468 1797 14650 .().34 .28.40 3.9 4.4 1325 1 

23:00 � 3476 44944 1871 16521 .0.35 28.35 3.8 4.5 1323 'I 

1873 44944 888 16521 .().42 2767 3.1 4.9 1298 24 

-� N.1.8. r.a: Incinerator was not In bum mode.

PROCESS OXYGEN DAILY (MANUAL) CAUBRATlON APROX TIME: 09:07 BY: KC �

~!ion Results of THC and 02 Analyzers � Tune or Calbration -
Bottle cone. Cylinder Zero Span 

(pom) IOt (ppm) (ppm) 8: 15 
•·

lh\,, ltl) . sx-34181 .0.0 1,b.O

I·-------,----~_______________.;....___________,________.02 19.9 130 0.1 20.10 

Print Data: 11241119 �
Pl1nt Time: 10'.52 NJ. �



~.~etropolitan Sewer District of Greater Cincinnati and Hamilton County 
Mill Creek Waste Water Treatment Plant 

~CUCI \,II ,,c;),,I\JI 6, 

7/19/1999 
Incinerator #6 "Daily" Report ·

-

Afterb. Breech Hrth. 1 Hrth.2 Hrth.3 Hnh. -4 Hrth.5 Hrth.6 Hrth. 7 Hrth. 8 Hrth.9 �
Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. �

Hour (F) (F) (F) (F) (F} (F) (F) (F) (F) (F) (F} �

0:00 � 903 947 1136 11-4-4 1502 1624 1405 1-410 1016 703 218 
1:00 � 873 930 1123 1140 1506 1826 1-409 1403 1016 695 210 
2:00 � 861 920 1108 1123 1-4&4 1595 1-408 1423 1015 712 210 
3:00 an 945 1141 1158 1529 1644 1416 1-405 1015 740 212 �
-4:00 881 946 11-40 1158 1526 1e38 1404 1-410 1015 700 208 �
5:00 � 865 921 1108 1127 1472 1578 1400 1430 1015 697 206 

6:00 � 844 884 1071 1091 1371 1450 1404 1455 1015 73! 208 
7:00 � 856 920 1119 1139 1481 1590 1400 1426 1015 762 211 
8:00 � 868 925 1109, 1125 1426 1508 1401 1437 1015 736 210 
9:00 � 957 942 1042 1054 1321 1398 1-422 1511 1014 751 210 
10:00 � 948 1029 1219 1236 1568 1672 1449 1-4-44 1015 718 21!5 

11:00 � 902 964 1194 1227 1514 1603 1417 1420 1016 669 208 

12:00 � 931 1007 1246 1286 1580 1668 1394 1310 1014 647 207 
13:00 � 915 990 1176 1202 1511 1605 1390 1271 1016 622 20,4 

14:00 � 875 935 1132 1181 1532 1649 1382 1349 1015 636 210 
15:00 � 836 875 1058 1078 1413 1509 1403 1430 1015 698 219 
16:00 � 853 8".'5 101!5 1024 1260 1328 1418 151!5 1015 769 226 

17:00 � 931 974 1067 1079 1256 1320 1485 1583 1015 824 237 
18:00 � 982 1087 1267 1289 1551 1622 1431 1399 1007 784 238 
19:00 � 1l62 1012 1198 1233 1528 1642 1399 1289 965 719 206 
20:00 � 906 928 1109 1140 1435 1563 1416 1429 1015 734 201 
21:00 � 860 m 997 1003 1241 1317 1447 1488 1016 794 220 
22:00 � 930 9!52 1046 1042 1272 1352 1495 1570 1014 831 264 
23:00 � 944 971 1062 1063 1254 1339 1502 1587 1015 813 239 �

898 948 1120 1138 1439 1535 1420 1433 1013 729 217 �

.1 

Print Date: 8124/99 
Print Time: 10:52 AM 
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page4 of 5 
Mill Creek Waste Water Treatment Plant 

Date of Report 

.·~ . ' 7/19/1999 

Incinerator #6 '"Dally• Report 

Scrubber 

RANGE LIMIT i:: 26.0 Inches H20 

Minutez> 0 15 30 45 HrAvg #<LIMIT 

Hour 

0:00 28.7 28.4 28.4 28.3 28.45 0 
1:00 28.3 28.1 28.1 28.0 28.13 0 

2:00 28.0 28.1 28.3 28.2 28.15 0 

3:00 28.0 28.0 28.0 28.2 28.05 0 

4:00 28.2 28.1 28.2 28.2 28.18 0 

5:00 28.0 28.1 28.1 28.1 - 28.08 0 
6:00 27.9 28.1 28.0 28.0 28.00 0 
7:00 28.1 28.0 28.0 28.0 28.03 0 
8:00 28.1 28.1 28.0 -- 28.0 28.05 0 
9:00 28.2 28.1 28.2 28.6 28.28 0 

-10:00 29.3 28.4 28.2 28.1 28.50 0 

11:00 28.2 28.3 28.1 27.11 28.13 0 
12:00 28.15 027.8 28.3 28.2 28.3 
13:00 28.3 28.0 27.4 27.1 27.70 0 
14:00 27.0 27.0 27.3 27.0 27.08 0 

15:00 26.7 2e.9 27.1 26.7 26.85 0 

16:00 26.7 26.4 27.3 27.4 26.115 0 
17:00 27.2 27.2 27.3 27.S 27.30 0 
18:00 29.9 28.8 27.3 27.1 28.28 0 
19:00 27.2 27.3 27.3 27.S 27.33 0 
20:00 27.3 27.0 26.9 27.1 27.08 0 

21:00 27.3 27.0 27.6 28.2 27.53 0 

22:00 28.3 28.S 28.4 28.4 - 28.40 0 
23:00 28.3 28.4 28.3 28.4 28.35 0 

27.17 0 
-

- All values In brackets I] OCClll1ld whlle lncberatDr was not In bum mode.

- N.I.B. - Incinerator was not In bum mode.

Print Date: 81241119 �
Print T1me: 1~AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County P2;ie 5 cf 5 
Mill Creek Waste Water Treatment Plant 

7/19/1999 

Incinerator #6 "Daily" Report -
-

Rue Gu Opacity 

(%) 

Minute=> 0 6 12 18 24 30 36 42 "8 54 HrAvg #>20 #>80 

Hour 

0:00 4 4 4 4 4 4 4 4 4 .. ,.o 0 0 
1:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

2:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

3:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 
'4:00 3 3 3 3 3 3 3 .3 3 3 - 3.0 0 0 
!5:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 
8:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 
7:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 
8:00 3 3 - 3 3 3 3 3 3 3 3 3.0 0 0 
9:00 3 3 3 3 3 3 3 3 3 2 2.9 0 0 
10:00 3 !5 !5 4 3 3 3 3 3 3 3.!5 0 0 
11:00 3 3 3 3 3 3 3 2 2 2 2.7 0 0 

12:00 2 2 2 2 2 2 2 2 2 2 .2.0 0 0 

13:00 2 2 2 3 3 3 3 3 3 3 2.7 0 0 

14:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

15:00 3 3 3 3 3 2 2 2 2 3 2.6 0 0 

16:00 3 3 3 2 17 3 3 3 3 3 4.3 0 0 

17:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

18:00 3 4 3 3 3 3 3 3 3 3 3.1 0 0 

19:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

20:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

21:00 4 4 3 4 " 4 4 -

' 3 3 3.7 0 0 . ; 

22:00 !5 ' 3 3 4 4 ' " ' 4 3.9 0 0 

23:00 4 4 3 3 4 4 4 4 ' 4 3.8 0 0 

3.1 3.2 3.0 3.0 3.7 3.1 3.1 3.0 3.0 3.0 3.1 0 0 
-

. . \ 

OPACITY DAILY AIJT'OMATIC CALIBRATION AT TIME: 18:27 

Print Data: 8124199
Prlnt Time: 10:52 AM 

·1 
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l 
Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 1 of 5 
Mill Creek Waste Water Treatment Plant 

Date of Report 
. . 7/20/1999 

Incinerator #6 "Dally" Report I. 
.. 

-

Uncorr. CEM Moisl Corr. Rclling Sludge Sludge Accum. LOWEST HIGHEST Report 
THC Oxygen H20 THC C.THC Feed Feed Sludge STATUS STATUS Event 

Hour (ppm) (%) (%) (ppm) (ppm) (wet lbnlr) (dry lb/hr) (dry Ions) 

0:00 23.6 12.02 3.09 38.08 62.95 14156 3448 1.n BURN BURN NO 
1:00 22.6 14.28 3.12 48.29 52.91 14156 3448 us BURN BURN NO 
2:00 26.5 10.76 3.07 '0.64 ,42.34 1'4156 3448 5.17 BURN BURN NO 
3."()0 21.0 13.06 3.06 38.56 ,42.50 14156 3448 8.90 BURN BURN NO 
'4:00 35.2 13.03 3.08 83.86 '47.89 1'4156 3448 8.62 BURN BURN NO 
5:00 39A 12.79 3.02 199.39 !7.27 14156 3448 10.35 BURN BURN NO 
8:00 39.7 12.52 3.03 87.89 86.98 14156 3448 12.07 BURN BURN NO 
7:00 38.3 12.26 3.03 83.35 86.81 14156 3,448 13.79 BURN BURN NO 
8:00 '0.1 12.62 3.02 69.03 66.69 14156 3,448 15.52 BURN BURN NO 
9:00 '39.1 12.25 3.05 &U3 tl5.67 14156 3448 17.24 BURN BURN NO 
10:00 ;37.7 12.84 3.03 66.70 66.79 14156 3448 18.97 BURN BURN NO 
11:00 34.1 11.83 3.10 54.08 81.81 14156 3448 20.69 BURN BURN NO 
12:00 28.6 12.05 3.08 "46.37 55.n 14156 3448 22.41 BURN BURN NO 
13:00 26.5 12.37 3.08 44.69 48.38 14156 3448 24.14 BURN BURN NO 
14:00 30.0 12.23 3.12 4U6 46.81 14156 3448 25.86 BURN BURN NO 
15:00 37.4 12.~ 3.12 66.81 $3.62 14156 3448 27.59 BURN BURN NO 
16:00 42.0 12.49 3.14 71.43 82.53 14156 3448 29.31 BURN BURN NO 
17:00 38.5 12.74 3.12 67.69 88.64 14156 3448 31.04 BURN BURN NO 
18:00 41.6 10.78 3.13 63.18 87.43 14156 3448 32.76 BURN BURN NO 
1Sl:OO 41.9 · 12.99 3.13 75.48 88.78 14156 3448 34.48 BURN BURN NO 
20:00 42.8 12.73 3.12 74.78 71.15 14158 3448 36.21 BURN BURN NO 
21:00 43.4 12.Sl7 3.12 78.24 78.17 14277 3478 37.95 BURN BURN NO 
22:00 '0.3 12.35 3.15 87.55 73.!2 14882 3825 39.76 BURN BURN NO 
23."()0 39.9 11.97 3.14 83.78 69.86 14882 3625 41.57 BURN BURN NO 

! . 35.4 12.45 3.09 60.!7 60.96 1"222 3464 41.!7 0 
-

SludgeMutllplle • 0.244 

L *NOTE: FOR "YES" REPORT EVENT 

02 • HIGH OXYGEN VIOLATION DP• LOW SCRUBBER DP VIOLATION 
SQ• LOW SCRUBBER FLOW VIOLATION OP• HIGH OPACITY VIOLATION 

Prlnl Dala: 8124199 �
Print Tlrne: 10:!11 /W �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County 
Mill Creek Waste Water Treatment Plant 

-'-'~'-' .... , ',c;t"'v, • 

7/20/1999 

Incinerator #6 "Daily" Report -· 
-

Fuel Accum. Fuel Accum. Fuel Accum. Furnace Scrubber Flue Breech Saub O Inc. Hum 

N.Gas N.Gas Digester Digester Oil Fuel Oil Pressure D.P. Opacity 02 GPM Hour, 

Hour (Scfh) (.:f) (sdm) (ct) (gpm) (gal) (ln.H20) (ln.H20) ('%) (%) (hr) 

0:00 2477 2477 2084 2084 -0.35 28.23 3.5 5 1322 1 

1:00 4035 6512 2397 4481 .().35 28.25 4.0 5.5 1320 1 

2:00 4802 11314 2861 7342 -0.35 28.08 3.7 5.2 1317 1 

3:00 2302 13616 299 7841 .().35 28.08 4.0 6.2 1313 1 

4:00- . 
2549 18165 0 7641 -0.35 28.00 4.0 5.5 1311 1 

5:00 1627 17792 1353 8994 -0.35 28.03 4.0 5.3 1310 1 
6:00 1369 19161 2002 10996 -0.35 28.03 4.0 5.0 1310 1 

7:00 738 19899 2491 13487 -0.35 27.93 4.0 4.8 1308 1 

8:00 e30 20529 2964' 16451 -0.35 28.00 4.0 4.9 ~307 1 

9:00 629 21158 3259 19710 -0.35 28.05 3.3 4.6 1310 1 

10:00 2044 23202 3231 22941 -0.35 28.10 3.6 5.4 1308 1 

11:00 5402 28604 2710 25651 .().35 28.15 3.0 3.5 1306 1 

12:00 3088 31692 2293 27944 -0.36 28.08 3.0 4.2 · 1303 1 

13:00 3128 34820 1426 29370 -0.35 28.08 3.0 4.5 1294 1 

14:00 2221 37041 0 29370 -0.35 28.03 3.2 4.2 1288 1 

15:00 25e 37297 19 29389 -0.35 27.98 4.0 4.5 1288 1 

16:00 179 37476 564 29953 -0.35 27.95 5.2 4.5 1289 1 

17:00 31 37507 38 29991 -0.36 28.00 4.0 4.5 1290 1 

18:00 0 37507 0 29991 -0.35 28.00 4.0 4.4 1290 1 

19:00 0 37507 0 29991 -0.35 28.00 4.0 4.7 1288 1 

20:00 0 37507 0 29991 .().35 27.88 4.0 4.9 1287 1 

21:00 1202 38709 5S8 30849 -0.36 27.95 3.9 4.8 1286 1 

22:00 2350 41059 13 30882 -0.35 27.83 3.7 4.5 1289 1 

23:00 2033 '3092 1!5 30677 -0.35 27.85 4.0 3.9 1293 1 

1796 43092 · 1278 30677 .().35 28.02 3.8 4JI 1301 24 

- N.1.B. - Incinerator was not In bum mode. 

PROCESS OXYGEN DAILY (MANUAL) CALIBRATION APROX TIME: 08:25 BY: KC 

~lion Results of THC and 02 Analyzers Time of Calbratlon 

Bottle ccnc. Cylinder Zero Span 

(ppm) ID# (ppm) (ppm) 8: 15 

THC 176 sx-34161 0.0 175.8 

02 19.9 130 0.1 20.05 

Prtnt Date: 1112~ 
PrtntTlme: 10:51 AM 

M-13 
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 3 of 5 
Mill Creek Waste Water Treatment Plant. 

Date of Report 
... . . 7/20/1999 

Incinerator #6 "Dally" Report .. 

Afterb. Breech Hr1h. 1 Hrth.2 Hrth. 3 Hrth.4 Hrth. 5 Hrtn. 6 Hrth. 7 Hrth.8 Hrth. 9 

Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. Temp. Tamp. Temp. 
Hour (F) (F) (F) (F) (F) (F) (F) (F) (F) (F) (Fl 

0:00 985 1030 1184 1195 1476 15£!3 1442 1440 994 746 221 

1:00 922 955 1117 1131 1442 1589 1339 1322 930 6!51 212 

2:00 959 988 1140 11a2 1503 1840 1430 1432 1013 732 212 

3:00 938 945 1096 1103 1388 1484 1447 1453 1013 732 209 

4:00 906 926 1079 1085 1329 1382 1"39 1458 1016 733 209 

5:00 1102 925 1081 1089 1293 1334 1'33 1469 1015 7213 211 
6:00 908 938 1099 1106 1302 1348 1434 1479 1015 733 211 

7:00 917 951 1115 1123 1325 1374 1436 1482 1015 741 212 

8:00 903 931 1081 1087 1296 1343 1439 1491 1015 7213 209 
9:00 917 952 1109 1116 1325 1375 1438 1488 1015 741 209 
10:00 908 937 1102 1103 1273 1324 1425 i478 1015 730 208 

11:00 943 998 1160 1164 1431 1513 1434 1440 1014 722 206 
12:00 951 995 1151 1162 1411 1469 1447 14SO 1032 m 203 

13:00 ~ 585 1142 1156 1408 1500 1448 1443 1040 655 202 
14:00 941 980 1134 1146 1398 1467 1458 1470 1040 654 201 

15:00 903 931 1076 1088 1341 1422 1,n 1W 1040 653 201 
16:00 906 838 1086 1097 1329 1399 1488 1a28 1040 661 203 
17:00 899 931 1080 1094 1339 1428 1468 1526 1040 650 202 
18:00 903 939 1097 1111 1362 1448 1463 1519 1040 657 202 
19:00 886 915 1061 1075 1316 1392 1468 1a28 1040 646 200 
20:00 885 915 1063 1076 1314 1393 1457 1516 1040 655 200 
21:00 882 913 1061 1070 1303 1379 1455 1519 1040 651 200 
22:00 908 947 1102 1111 1337 1403 1450 . 1508 1040 668 200 
23:0u 921 ~ 1122 1132 1377 1437 1451 1489 1040 673 200 

'-18 951 1106 1116 1359 1435 1443 1,n 1023 692 206-

Print Data: 8124199 �
Print Time: 10:!11 AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County 
Mill Creek Waste Water Treatment Plant 

.. ~ . 
Incinerator #6 "Daily" Report 

Scrubber 

RANGE LIMIT" 26.0 Inches H20 

Minute=> 0 1!5 30 45 

Hour 

0:00 28.4 211.1 28.2 28.2 �

1:00 28.2 28.3 28.3 28.2 �

2:00 28.0 28.0 28.0 28.3 �

3.-00 28.0 28.2 28.0 28.1 �

4:00 28.1 28.2 27.9 27.8 �

!5:00 27.9 28.0 28.1 28.1 �

6:00 27.9 28.0 28.1 28.1 �
7:00 27.9 27.9 27.9 28.0 �
8:00 27.9 - 27.9 28.0 28.2 �
9:00 20.1 28.0 28.1 28.0 �

10:00 27.9 28.2 28.2 28.1 �
11:00 28.3 28.1 28.1 211.1 �
12.-00 28.0 28.1 28.2 28'.0 �
13:00 28.0 28.1 28.1 211.1 �
14:00 28.2 28.1 27.9 27.9 �
1!5:00 27.9 28.0 28.0 28.0 �
16:00 27.9 27.9 28.1 27.9 �
17:00 27.9 28.0 28.0 . 28.1 �

18:00 26.0 27.9 28.0 211.1 �
19:00 28.1 28.1 27.9 27.9 �
20:00 27.9 27.9 27.9 27.8 �
21:00 27.8 27.9 27.9 · 28.2 �
22:00 27.7 27.11 28.0 28.0 �
23:00 27.8 ·21.11 27.9 27.9 �

-
- AD values In bradtets (] oc:a.nd while lnc:ineralDr was not In bum mode. 

- N.1.8. - lnclneralDr was not In bum mode.

r:>ag"l 4 o'. ~ 

O~~o ,.,1 Co,.."",.. 

7/20/1999 

HrAvg #<LIMIT 

28.23 0 
28.25 0 

28.08 0 

28.08 0 
28.00 0 
28.03 0 

28.03 0 

27.93 0 

28.0C 0 

28.05 0 

28.10 0 

28.15 0 

28.08 0 

28.08 0 

28.03 0 

27.98 0 

27.95 0 

28.00 0 

28.00 0 

28.00 0 

27.88 0 

27.~ 0 

27.83 0 
27.85 0 

28.02 0 

I �

! �
_l 

Prtnt Date: 11124199 �
Print Time: 10:51 AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 5 of 5 

Mill Creek Wasta Water Treatment Plant 

Date of Repor1 
.. ~ - . 7!20/1999 

Incinerator #6 "'Dally"' Report .. 
-

Rue Gu Opacity 

"') 
Mlnutez:> 0 6 12 18 2" 30 36 42 48 54 HrAvg #>20 #>60 

Hour 

0:00 4 3 3 3 3 3 4 4 4 4 3.5 0 0 

1:00 4 4 4 4 ' 4 4 4 4 4 4.0 0 0 

2:00 4 4 4 4 4 4 4 3 3 3 3.7 0 0 

3:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

4:00 4 4 4 4 4 4 .. 4 4 4 4 4.0 0 0 

S:00 4 4 4 4 4 4 4 4 ... 4 4.0 0 0 

8:00 4 4 4 4 4 4 4 4 4 ' 4.0 0 0 

7:00 ' 4 4 4 ' 4 4 4 4 ' 4.0 0 0 

8:00 4 4 4 ' 4 4 ' 4 4 ' 4.0 0 0 

9:00 \ 4 4 3 3 3 3 3 3 3 4 3.3 0 0 

10:00 :4 4 4 4 4 4 3 3 3 3 3.6 0 0 

11:00 •3 3 3 3 3 3· 3 3 3 3 3.0 0 0 

12:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

13:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

14:00 3 3 3 3 3 3 3 3 4 4 3.2 0 0 

15:0C 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

16:00 4 4 4 3 17 4 4 4 4 4 5.2 0 0 

17:00 4 .... 4 4 4 4 4 4 4 4 ,.o 0 0 

18:00 4 4 4 4 4 4 4 4 4 ' 4.0 0 0 

19:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

20:00 4 ' 4 4 4 4 4 4 4 4 4.0 0 0 
·

21:00 4 4 4 4 4 4 4 4 4 3 3.9 0 0 

22:00 3 3 3 4 4 4 4 ' 4 4 3.7 0 0 

23:00 ' 4 4 4 4 4 ' ' 4 4 4.0 0 0 

3.1 u 3.7 3..7 4.3 3.1 3.8 3,7 3.8 3.8 3.8 0 0 
-

OPACITY DAILY AUTOMATIC CALIBRATION AT TIME: 18:27 

Print Date: 8124199 �
PrlntTlme: 10:51 AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County ;,~.;;t. 1 o': ---, 
Mill Creek Waste Water Treatment Plant 

r"\~•,.. -.IM,...,.,...,. . 7/21/1999 
Incinerator #6 "Daily" Report .. 

-

Uncorr. CEM Moist Corr. Rolling Sludge Sludge Accum. LOWES"'." H:GHESf Report �

THC Oxygen H20 THC C. THC Feed Feed Sludge STATUS STATUS Event �
Hour (ppm) (%) (%) (ppm) (ppm) (wet lb/hr) (dry lb/hr) (dry tons) �

0:00 34.7 12.27 3.07 57.88 63.07 14882 2893 1.45 EURN BURN NO 

1:00 45.3 12.56 3.05 77.59 66.42 14882 2893 2.89 BURN BURN NO 

2:00 43.6 11.30 3.04 67.52 67.66 14882 2893 4.34 BURN BURN NO 

3:00 35.5 12.18 3.04 58.12 67.75 14882 2893 5.79 BURN B'JRN NO 

4:00 40.9 12.63 3.02 70.51 65.39 14882 2893 7.23 BURN BURN NO 

5:00 44.a 12.70 3.02 77.84 88.83 14882 2893 8.88 BURN BURN NO 

6:00 45.6 12.62 3.02 78.69 75.68 14882 2893 10.13 BUrlN BURN NO 

7:00 39.2 12.11 3.03 63.64 73.39 14882 2893 11.57 BURN BURN NO 

8:00 36.3 12.51 3.01 61.72 88.02 14828 2883 13.01 BURN BURN NO 

9:00 ' 42.7 13.72 3.04 84.47 69.94 14882 2893 14.46 BURN BURN NO 

10:00 ·. 45.1 14.11 3.08 94.75 80.31 14882 2893 1!5.91 BURN BURN NO 

11:00 41.6 12.75 3.15 73.28 64.16 14882 2893 17.35 BURN BURN NO 

12:00 47.9 11.56 3.21 72.55 80.19 14882 2893 18.80 BURN BURN NO 

13:00 27.2 12.20 3.21 44.73 63.52 14882 2893 20.25 BURN BURN NO 

14:00 27.1 11.44 3.25 41.33 52.87 14882 2893 21.69 BURN BURN NO 

15:00 22.6 12.12 3.25 36.83 40.97 14882 2893 23.14 BURN BURN NO 

16:00 20.4 11.53 3.30 31.33 36.50 14882 2893 24.59 BURN BURN NO 

17:00 22.7 12.52 3.25 38.80 35.66 14882 2893 26.03 BURN BURN NO 

18:00 18.2 9.43 3.31 24.90 31.SS 14792 2876 27.47 BURN BURN NO 

19:00 15.8 11.49 3.27 24.12 29.27 14556 2830 28.88 BURN BURN NO 

20:00 16.7 12.73 3.23 29.22 26.08 14338 X,87 30.28 BURN BURN NO 

21:00 22.4 12.63 3.23 38.89 30.74 14338 27~ 31.67 BURN BURN NO 

22:00 18.4 12.74 3.23 32.40 33.50 14338 X,87 33.07 BURN BURN NO 

23:00 25.9 12.79 3.23 45.83 39.04 14338 2787 34.46 BURN BURN NO 

32.5 12.28 3.15 55.29 56.28 14772 2872 34.46 0 

SludgeMultlpUer • 0.194 

·NOTE: FOR -ves• REPORT EVENT 

02 = HIGH OXYGEN VIOLATION DP: LOW SCRUBBER DP VIOLATION 

SQ= LOW SCRUBBER FLOW VIOLATION OP= HIGH OPACITY VIOLATION 

Print Date: 8124199 �
Print Tlme: 10:50 AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 2o! 5 
Mill Creek Waste Water Treatment Plant 

,. . 
-

Date of Report 

7/21/1999 

Incinerator #6 •oally" Report -

Fuel Aco.Jm, Fuel Accum. Fuel Accum. Furnace Scn,bber Flue Breech Scn,b Q Inc. Bum 

N.Gas N.Gas Oigestar Digester Oil Fuel Oil Fffssura D.P. Opacity 02 GPM Hours 

Hour (Sdh) (cf) (scfm) (cf) (gpm) (gal) (ln.H20) (ln.H20) (%) (%) (hr) 

0:00 374 374 384 3&4 .().35 27.65 4.0 "·" 129€ 1 

1:00 0 374 2077 2461 .().35 27.68 4.0 4.5 1293 1 

2:00 580 &S4 1662 4123 .().35 27.7B 4.0 4.1 1294 1 

3:00 1911 2865 12 4135 .().35 27.88 4.0 4.4 1294 1 

4':00 7 28n 356 4491 .(),35 27.70 -4.0 -4.6 1293 1 

5:00 0 2B72 289 4780 .().35 27.73 4.0 4.7 1300 1 

8:00 215 3087 1362 8142 .().35 27.85 4.0 4.5 1304 1 

7:00 946 4033 1708 7850 .().35 27.88 4.0 4.2 1301 1 

8:00 163 4196 1562 9412 .().35 27.83 4.0 --,.9 . 1306 1 

9:00 1275 5471 1273 10685 .().35 27.85 4.4 5.9 1313 1 

10:00 2337 780B 279 10964 .().35 27.88 4.6 6.1 1314 1 

11:00 4195 12003 0 10964 .().35 28.30 3.9 5.7 1312 1 

12:00 "802 16805 373 11337 -0.35 2B.20 3.0 4.5 1317 1 

13:00 7192 23997 13 11350 .0.35 28.38 3.0 4.3 1320 1 

14:00 5888 29885 20 11370 .(),36 28.10 3.0 ,.1 1319 1 

15:00 7854 3n39 12 11382 .0.35 28.23 3.0 4.2 1315 1 

16:00 6539 "4278 4388 15770 .0.36 28.10 <1.3 4.0 1306 1 

17:00 6408 506!\5 3588 19358 .0.34 28.23 3.0 <1.9 1314 1 

18:00 7851 58537 3433 22791 .0.35 28.33 3.0 3.S 1313 ~ 

19:00 67~ 65270 3251 26042 .0.35 28.23 3.0 3.7 1305 1 

20:00 6255 71525 3700 29742 .0.35 28.23 3.0 4.5 1307 

21:00 6251 77776 '515 34257 .0.35 28.25 3.0 3.7 1306 ' 
2:.i!:00 6180 ~956 5420 39677 .().35 28.25 3.0 ,.8 1303 '. 

23:00 5947 89903 6318 '5995 .0.35 28.23 3.0 3.6 1310 1 

3746 89903 1916 ~ -0.35 28.03 3.6 <1.5 1305 2.4 

- N.I.B.-= lncinetat.Jr W'"..S not In bum mode.
PROCESS OXYGEN DAILY (MANUAL) CALIBRATION APROX TIME: 10:02 BY: KC 

-CaDbration Results of THC and 02 AnalyZers Time of Caibration 

I THC 

'Bottle cone. 

(ppm) 

176 

Cylinder 
ID# 

IX-34161 

Zatl 
(ppm) 

o.o 

Span 

(ppm) 

175.7 

8: 15J 
~----1_e_.e______1_30~------0._,_____20_.0_1__________ 

Prtnt Date: 812"'99 �
Print Time: 10:SO AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County P;,,ir- ;: c'!.: 

Mill Creek Waste Water Treatment Plant 

- ·--·....... ''"°'I-''-''"' 

7/21/1999 

Incinerator #6 "Daily" Report ·-

Afterb. Breech Hrth. 1 Hrth. 2 Hrth.3 Hr1h.4 Hrtt,,5 Hrth.6 11rth. 7 Hrth. 8 Hrth. 9 �

Temp. Terr.p. Temp. Temp. Temp. Temp. Temp. Temp. Temp. .Temp. Temp. �

Hour (F) (F) (F) (F) (F) (F) (F) (F) (F) (FJ (Fl �

0:00 � 914 952 1103 1118 1369 1448 1460 1503 1040 659 200 

1:00 � 890 922 1068 1081 1322 1405 1485 1522 1040 688 201 

2:00 899 i38 1093 1105 1355 1432 1449 1SOO 1040 689 201 �

'3:00 919 961 1116 1126 1373 1432 1455 1482 1040 sse; 200 �

4:00 � 897 929 1070 1081 1315 1386 1474 1513 1040 656 201 

5:00 � 682 912 1055 1067 1298 1376 1459 1522 1040 667 199 

6:00 � 886 920 1073 1084 1325 1391 1442 1506 1040 698 20, 

7:00 � 913 957 1113 1124 1367 1428 1459 1493 1040 669 199 

8:00 � 896 929 1083 1099 1344 1430 1468 1504 1039 651 200 

9:00 � 840 844 968 997 1206 1258 1458 1536 1041 675 201 

10:00 � 797 792 944 952 1155 1220 1463 1547 1041 765 209 

11:00 � 841 858 1017 1020 1159 1210 1469 154a 1050 781 219 

12:00 � 897 935 1116 1122 1327 1405 1492 1521 1033 792 223 

13:00 � 911 953 1122 1129 1407 1495 1451 1398 1006 704 204 

14:00 � 948 999 1175 1185 1478 1554 1442 140!5 1037 653 201 

15:00 � 952 999 1167 1173 1486 1575 1447 1401 1055 683 202 

16:00 � 976 11J30 1196 1207 1496 1572 1439 1401 1052 686 202 

17:00 � 950 983 1150 1158 1431? 1502 1439 1417 1061 687 203 

18:00 � 983 1037 1212 1220 1546 1637 1450 1368 1041 678 202 

19:00 � 1005 1060 1246 1261 1!591 1699 1438 1377 1033 673 201 

20:00 � 970 1011 1192 1210 1535 1659 1415 1373 1031 669 199 

21:00 � 962 1011 1189 1207 1516 1627 1416 1400 1044 673 201 

22:00 � 959 999 1176 119!5 1!512 1627 1410 1375 1033 666 200 

23:00 � 942 990 1165 1183 1479 1586 1412 1414 1050 667 201 �

918 955 1118 1129 1392 1473 1449 1460 1040 687 203 �
-

J 
Print Date: 8124199 �

Print rune: 10:50 AM �
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County 
Mill Creek Waste Water Treatment Plant 

-, .. 

Incinerator #6 •oally" Raport 

Scrubber 

RANGELJMIT= 2e.o Inches H20 

Minutes=> 0 15 30 45 

Hour 

0:00 27.8 27.6 27.6 27.6 

1:00 27.8 27.7 27.6 27.6 

2:00 27.7 27.8 27.8 27.8 

3:00 27.9 27.8 28.0 27.8 
,:00 27.7 27.7 27.7 . 27.7 

5:0C 27.8 27.6 27.8 27.7 

6:00 27.6 27.B 27.9 28.1 

7:00 28.0 27.9 27.8 27,B 

8:00 27.B 27.7 27.8 28.0 

9:00 28.1 28.0 27.7 27.6 

10:00 27.7 27.B 27.8 2U 
11:00 28.1 28."4 28.3 28.4 

12:00 28.1 28.3 28.2 28.2 
13:00 28.3 28.3 28.5 28.4 
14:00 28.2 28.1 28.0 28.1 

15:00 28.3 28.2 28.2 28.2 
16:00 28.2 28.1 28.0 28.1 

17:00 28.3 28.3 28.2 28.1 

18:00 28.2 28.3 28.5 28.3 
1~:00 28.2 28.2 28.2 28.3 
20:00 28.3 28.3 - 28.1 28.2 
21:00 28.3 28.3 28.2 28.2 
22:00 28.3 28.3 28.2 28.2 
23:C'O 28.2 28.2 28.3 28.2 

-

- All values ir, :ncicets tl occured while lnc:lneratcr was not In bum mode.
- N.I.B. -= lnr:inerator was not In bum mode.

Page 4 cf 5 

Date cf Report 

7/21/1999 

-

HrAvg #<LIMIT 

27.65 0 
27.68 0 

27.78 0 

27.88 0 

27.70 0 

27,73 0 

27.85 0 

27.88 0 

27.83 0 

27.85 0 

27.88 0 

28.30 0 

28.20 0 

28.38 0 

28.10 0 

28.2~ 0 

28.10 0 

28.23 0 

28.33 0 

28.23 0 

28.23 0 

28.25 0 

28.25 0 

28.23 0 

28.03 0 

Print Date; 9124199 
Print Time: 10:50 AM 

l_ 
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MetropclitAn Sewer District of Greater Cincinnati and Hamilton County ?ciJP :' ::,/ 5 
Mill Creek Waste Water Treatment Plant 

--·- .......... ,.. ...... .. 
7/21/199!. 

Incinerator #6 "Daily" Report ., 

-

Rue Gas Opacity 

(%) 

Minutes> 0 6 12 18 24 30 36 42 48 54 HrAvg #>20 #>60 

Hour 

0:00 4 4 4 4 4 4 ,4 4 4 4 4.0 0 0 

1:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

2:00 4 4 4 4 4 ' 4 4 ' 4 4.0 0 0 

3:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

4:00 4 4 4- 4 4 4 4 -4 4 4 4.0 0 0 

5:00 4 4 4 4 4 4 4 '4 4 4 4.0 0 0 
6:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

7:00 4 4 4 4 4 4 4 4 4 4 4.0 o· 0 

8:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

9:00 4 4 4 4 4 4 5 5 !5 5 4.4 0 0 

10:00 5 5 5 5 5 5 !5 4 4 3 4.6 0 0 

11:00 4 4 4 4 4 4 4 4 4 3 3.9 0 0 

12:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

13:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

14:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

15:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

16:00 3 3 3 3 16 3 3 3 3 3 4.3 0 0 

17:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

18:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

19:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

20:00 3 3 3 3 3 3 3 3 3 3 3.0 0 Q 
··

21:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

22:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

23:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 
3.5 3.5 3.5 3.5 4.1 3.5 3.6 3.5 3.5 3.5 3.6 0 0 

OPACrTY DAILY AUTOMATIC CALIBRATION AT TIME: 16:27 

Print Date: 8/24/99 �
Print Time: 10:50 AM �
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----------------------------

Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 1 cl 5 
Mill Creek Waste Water Treatment Plant 

Date cf Reper: 
.. . 
~ .. 7/22/1999 
~Incinerator #6 "Dally" Report 

-

Unccrr. CEM Molsl Corr. Rolftng Sludge Sludge Accum. LOWEST HIGHEST Reper: 

THC Oxygen H20 THC C.THC Feed Feed Sludge STATUS STATUS Eve'1t 

Hour (ppm) (%) (%) (ppm) (ppm) <-tlblhr) (dry lb/hr) (dry tens) 

0:00 21.0 12.86 3.18 37.70 38.64 14296 3095 1.55 BURN BURN NO 

1:00 28.0 12.60 3.22 48.67 <44.07 14156 3065 3.08 BURN BURN NO 

2:00 21.0 10.87 3.16 34.39 40~ 14156 3065 4.61 BURN BURN NO 
3:00 29.7 12.59 3.22 51.56 <44.87 14156 3065 B.14 BURN BURN NO 
4:00 20.6 12.67 3.12 35.81 40.59 14156 3065 7.88 BURN BURN NO 
!:00 18.8 12.40 3.13 31.88 39.69 14156 3065 9.21 BURN BURN NO 
6:00 21.6 13.85 3.13 42.45 36.65 14156 3065 10.74 BURN BURN NO 
7:00 37.7 14.16 3.17 80.10 51.41 14156 3065 12.27 BURN BURN NO 

8:00 32.5 12.86 3.20 57.30 59.95 14156 3065 13.81 BURN BURN NO 
9:00 120.4 13.20 :.23 37.79 58,40 14156 3065 15.34 BURN BURN NO 

10:00 :20.1 12.59 3.23 34.81 43.23 14156 3065 16.87 BURN BURN NO. 
11:00 20.8 12.71 3.34 36.26 36.22 14156 3065 18.40 BURN BURN NO 
12:CO 18.5 12.47 3.34 31.41 34.09 14156 3065 19.94 BURN BURN NO 

13:00 19.2 12.65 3.34 33.35 33.67 14156 3065 21.47 BURN BURN NO 
14:00 18.2 12.35 3.34 30.59 31.78 14156 3065 23.00 BURN BURt-< NO 
15:00 22.6 12.56 3.34 38.76 34.23 14156 3065 24.53 BURN BURts NO 

16:00 24.7 11.&0 3.34 39.42 36.26 14156 3065 25.07 BURN BURN NO 
~7:00 18.; 12.27 3.34 31.38 36.52 14156 3065 27.60 BURN BURN NO 
18:00 23.7 9.83 3.35 33.05 34.62 14156 3065 29.13 BURN BURN NO �
19:0v 18.6 12.46 3.34 31.57 ~00 13993 3029 30.55 BURN BURN NO �
20:0, 23.4 12.42 3.32 39.~ 34.73 14005 3032 32.16 BURN BURN NC �

21:00 23.3 11.90 3.30 37.05 3e.06 14223 3079 3.'3.70 BURN BURN NO 
22:00 22.9 12.Sv 3.30 39.25 38.62 14519 31"'3 35.27 BURN BURN NO 
23:00 28.1 12.60 3.23 48.41 41.57 14595 3160 36.SS BURN BURN NO 

23.1 12.46 3.26 40.09 3&.92 14185 3071 36.85 0 

SludgeMultlpller • 0.218 

•NOTE: FOR "YES" REPORT EVENT 

02 "'HIC',;ri OXYuEN VIOLATION OP :s LOW SCF{UBBER DI- VIUi.A IOI, 

sa. LOW SCRUBBER FLOW VIOLATION OP .. HIGH OPACITY VIOLATION 

Print Date: B/24J99 
Print Time: 10:~2 



Metropolitan Sewe~ District of Greater Cincinnati and Hamilton County 
Mill Creek Waste Water Treatment Plant 

.. 

~Incinerator #6 "Daily" Report 

"''1JE: 2 of 5 

LJc1le 01 l'{tipcn 

7/22/1999 

Fuel Accum. Fuel Aco.Jm. Fuel ACOJm. Furnace Saubber Aue Breech Scrub a Inc. Bum 

N.Gas N.Gas Digester Digester OU Fuel OIi Prusure D.P. Opacity 02 GPM Hours 

Hour (scfh) (cf) (scfm) (cf) (gpm) (gal) (ln.H20) (ln.H20) (%) (%) (hr) 

0:00 6009 6009 7029 7029 � .().36 28.20 3.0 ,UI 1303 1 

1:00 5785 11794 7689 1'4718 � -0.35 28.25 3.0 3.6 1313 1 

2:00 6119 17913 8270 22988 � -0.35 28.28 3.9 5.1 1313 1 

3:00 5610 23523 7934 30922 � -0.35 28.28 '4.0 3.5 1308 1 

4:00 8184 296S7 '4,463 35385 � -0.35 28.30 4.0 3.5 1309 1 

5:00 '4184 33871 1257 36642 � -0.35 28.23 4.0 3.9 • 1305 1 

6:00 2983 38854 6 36648 � .(),35 28.10 '4.0 ~.1 1312 1 

7:00 1576 38430 6 36654 -0.35 28.00 '4.0 ~L6 1302 1 
-

8:00 ~28 "'3458 6 36660 � -0.35 28.43 '4.1 '4.6 1297 1 
' 9:00 6922 ~80 105 36765 � -0.35 28.50 '4.0 5.0 1293 1 

10:00 7768 58148 0 36785 � -0.35 28."5 '4.0 5,1) 1296 1 

11:00 7-484 65632 6 36771 � -0.35 28.45 4.0 5.0 1303 1 

12:00 7326 72958 0 36771 � -0.35 28.28 3.3 5.0 1299 1 

13:00 7190 80148 0 36771 � -0.35 28.28 3.0 5.2 1298 1 

14:00 6035 86183 2755 39526 � -0.35 28.03 3.0 5.8 1291 1 

15:00 5871 92054 1874 41400 � -0.35 27.83 3.0 !:.5 1294 1 

16:00 5567 97621 0 41400 � .().35 27.70 ,4,3 5.2 1288 1 

17:00 7772 105393 6 41406 � -0.35 27.78 3.0 4.9 129.1 1 

18:00 5221 110614 6 41412 � .().35 27.63 3.0 5.3 1287 1 

19:00 7226 117840 6 '41418 � .().36 27.75 3.0 5.6 1293 1 

20:00 5775 123615 0 41418 � -0.35 27.75 3.0 '4.8 1285 1 

21:00 6536 130151 0 41418 � -0.36 27.90 3.0 5.4 1293 1 

22:00 � 6496 136647 25 41443 -0.35 27.78 3.0 4.6 1292 1 

23:00 � 3750 140397 31 41,474 -0.35 27.83 3.0 6.4 1288 1 

5850 140397 1728 41474 -0.35 28.08 3.5 4.9 1298 24-
... N.1.8. - Incinerator was not In bum mode.... 

PROCESS OXYGEN DAILY (MANUAL) CALIBRATION APROX TIME: 08:26 BY: KC 

calibration Results of THC and 02 Analyzers Time of calbratlon 

Bottle oonc. Cylinder Zero Span 
(ppm) ID# (ppm) (ppm) 8: 15 

THC 176 sx-34161 0.0 175.0 

02 19.9 130 0.1 20.02 

Print Date: 8124199 
Print Time: 10:46 AM 

. 1 
I 
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 3 of 5 

Mill Creek Waste Water Treatment Plant 

' 
~Incinerator #6 "Dally" Report 

Aftert. Breech Hr1h. 1 Hr1h.2 Hr1h.3 Hr1h.4 

Temp. Temp. Temp. Temp. Temp. Temp. 

Hour (F) (F) (F) (F) (F) (F) 

0:00 944 985 1156 1174 1-482 15'10 

1:00 939 989 1166 1186 1,13 1572 

2:00 931 966 1137 1155 1456 1!516 

3:00 932 985 1157 1176 1460 1582 

4:00 96,4 1033 1197 1217 1528 1&46 

!5:00 986 1057 1237 1257 1!593 1724 

e:oo 940 982 1156 1171 1524 1669 

7:00 879 899 1063 1073 1289 1360 

ll:00 
. -

~6 989 1124 1131 1315 1390 

9:00 972 995 1100 1101 1398 1508 
10:00 389 1011 1122 1122 1437 15"49 
11:00 . 900 1007 1117 1115 1434 1553 

12:00 1007 1028 1139 1136 1483 1S13 

13:00 997 1007 1109 1105 14o48 1565 

14:00 1002 1010 1113 1112 1"'66 11102 

15:00 966 965 1039 1038 1350 1454 
16:00 975 981 1080 1083 1372 1465 

17:00 980 9C'.A 1081 10&4 1397 1500 

18:00 976 98S 1082 1089 1355 14o41 

~9:00 972 ~ 1070 1073 1372 147,4 
20:00 960 31;9 1049 1054 1312 1396 

21:00 970 978 10&4 1089 1390 14116 

22:00 950 9S7 1034 1037 1305 1398 

23:00 922 906 eeo 983 1203 1271 

962 986 1108 111!5 1410 1515-

Date of Report 

7/22/1999 

-

Hrth.5 Hrth.6 Hrth. 7 Hrth.8 Hrth. 9 

Temp. Temp. Temp. Temp. Temp. 

(F) (F) (F) (F) (F) 

1402 1382 1034 659 200 

1419 1428 1053 665 200 

1394 1380 1029 656 200 

1418 1433 1054 ee3 200 

1403 1384 -- 1030 655 200 

1"'°6 1375 1005 654 200 

1401 1395 980 660 201 

1432 1486 1028 699 209 

1"'58 1506 1054 7-41 250 

1,1a 1"'40 1004 678 250 

1424 14o41 1010 676 251 

1431 1458 1016 652 250 

14o42 14S2 1034 702 251 

14o41 1467 1040 712 250 

14o47 1470 1057 733 250 

14o41 1493 1062 740 2~:) 

14o41 1487 1056 732 250 

1435 14o45 1054 727 250 

14o49 1,91 1056 716 250 

1430 14,49 1053 716 249 

14o40 1483 1057 715 25

1431 1461 1054 718 24(? 

1437 1-481 1057 732 25' 

1439 1!532 1055 781 25C 

1428 1451 1039 701 234 

Print Data: 812"'99 
Print Time: 10:46 AM 
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I 
jMetropolitan Sewer District of Greater Cincinnati and Hamilton County Pase 4 er': 

Mill Creek Waste Water Treatment Plant 

..- ' .~c..,...,, ..-g~'"' ... 
_.. 7/22/1999 

Incinerator #6 "Dally" Report 
-

Scrubber 

RANGE LIMfT = 26.0 lnc:tles H20 

Minute=> 0 15 30 45 HrAvg #<LIMIT 

Hour 

0:00 28.2 28.1 28.2 28.3 28.20 0 
1:00 28.3 28.3 28.2 28.2 2B.25 0 

2;00 28.2 28.4 28.3 28.2 28.28 0 

3:00 28.3 28.2 2B.2 28.4 28.2B 0 

4:00 28.3 -· 28.4 28.2 28.3 28.30 0 �

5:00 28.3 28.4 28.1 28.1 28.23 0 �

6:00 28.1 28.1 28.1 28.1 2B.10 0 �

7:00 28.1 28.00 0�27.9 27.8 28.2 

8:00 28.5 28.5 28.3 28.4 28.43 0 

9:00 28.4 28.5 28.6 28.5 28.50 0 

10:00 28.5 28.4 28.4 28.5 28.45 0 

11:00 28.4 28.4 28.5 28.5 28.45 0 

12:00 28.5 28.3 28.1 28.2 28.28 0 

13:00 28.3 28.3 28.3 28.2 28.2S 0 

14:00 28.1 28.1 28.0 27.9 28.03 0 

15:00 27.9 27.9 27.8 27.7 27.83 0 

18:00 27.5 27.8 27.7 27.8 27.70 0 

17:00 27.7 27.6 27.8 28.0 27.78 0 

18:00 27.6 27.5 27.7 27.7 27.63 0 

19:00 27.8 27.8 27.7 'E.7 'E.75 0 

20:00 27.8 'E.7 27.8 'E.7 'E.75 0 

21:00 27.8 27.8 27.9 28.1 27.90 0 

22:00 28.0 27.7 27.8 27.6 27.78 0 

23:00 'E.9 27.7 27.7 28.0 27.83 0 

28.08 0 

- AD values In brackel3 [ Joa:ind while incinerator was not In bum mode.
- N.I.B • .,. lnclneralCI' was not In bum mode.

Print Date: 8124199 
Print Tlme: 10:46 AM 

. \ 
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Metropolitan Sewer District of Greater Cincinnati and Hamilton County Page 5 of 5 
MIii Creek Waste Water Treatment Plant 

Date of Repart 
:o: - 7/22/1999 

Incinerator #6 "Dally" Report ·
-

Rua Gu Opacity 

"'' MinutB=> 0 6 12 18 2,4 30 36 42 48 M HrAvg #>20 #>60 

Hour 

0:00 3 3 3 3 3 3 ,3 3 3 3 3.0 0 0 

1:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

2:00 3 4 4 4 4 4 4 4 4 4 3.9 0 0 

3:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

4:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

!5:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

8:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

7:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

8:00 .. !5 .. 4 .. 4 4 4 4 4 4.1 0 0 

9:00 4 4 4 4 4 4 4 4 4 4 4.0 0 0 

10:00 .. 4 4 4 4 4 4 4 4 4 4.0 0 0 

11:00 4 4 4 .. 4 4 4 .. 4 4 4.0 0 0 

12:00 4 4 4 3 3 3 3 3 3 3 3.3 0 0 

13:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

14:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

1!5:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

18:00 :; 3 3 3 16 3 3 3 3 3 4.3 r, 0 

17:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

18:00 3 3 3 3 3 3 3 3 3 3 3.0 0 C 

19:00 3 3 3 3 3 3 3 3 3 3 3.0 0 C 

20:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

21:00 3 3 3 3 3 3 ·3 3 3 3 3.0 0 0 

22:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

23:00 3 3 3 3 3 3 3 3 3 3 3.0 0 0 

3 . .$ 3.:} 3.5 3.4 4.0 3.4 3.4 3.4 3.4 3.4 3.5 0 C 

OPAC:TY DAILY AUTOMATIC CALIBRATION AT TIME: 18:27 

Print Date: 8124199 �
Print Time: 10:48 AM �
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Proposed Analytical Method for Determination of Toxic �
. Polychlorinated Biphenyl Emissions from Sewage Incinerator Stath,nary �
Sources Using Isotope Dilution High Resolution Gas Cbroir_'lt"~""'l!"h:·IP'i~h �

~esolution Mass Spectrometry �

1.0 � SCOPE AND APPLICATION 

1.1 � Th.is analytical method applies to the determination 
.. 

of toxic polychlorinated 
biphenyls (PCBs) in air emissions from sewage incinerator stationary sources at 
nanogram to picogram levels. The sensitivity which can ultimately be achl~ved 
for a given sample will depend upon the types and concentrations of other 
chemical compounds in the sample, as well as the original sa:nple size and 
instrument sensitivity. 

1.2 � The analytical method presented here is intended to determine toxic PCBs in 
samples containing PCBs as single congeners or as complex mixtures. The target 
analytes are listed in Table 1. 

1.3 � The method is restricted for use only by or under the supervision of analysts 
experienced in the use ofhigh resolution gas chromatography (HRGC)/high 
resolution mass spectrometry (HR}JS), and skilled in the interpretation of mass 
spectra. 

1.4 � Because of the extreme toxicity of these compounds, the analyst must take 
necessary precautions to prevent exposure to himsel.£'herself, or to others, of 
materials known or believed to contain PCBs. 

2.0 � SUMMARY OF METHOD 

2.1 � Particulate and gaseous phase PCBs are collected isok:inetically from the stack 
and collected on a glass fiber filter, XAD-2 resin, and in impingers using a 
Modified Method 5-(MMS) sampling traui Proccdmes for :MM5 sample 
collection are provided in EPA Method 0010. The l\.1M5 samples consist of the 
filter, front and back halfsolvent rinses, the XAD-2 resin module, and impinger 
water and solvent rinses. The XAD-2 resin is pre-spiked with surrogate standards 
to monitor sampling efficiency during the sample collection. The preparation, 
pre-certification, and pre-spiking of the XAD-2 resin is described in Appendix A 
of this method. The preparation and pre-certification of the particulate filter is 
described in Appendix B ofthis method. 

1 
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2.2 � The field samples are combined into two separate fractions for extraction and 
analysis: (1) front halfreagent rinses and filter; and (2) back half reagent rinses, 
XAD-2 resin, and the i.mpinger water contents and reagent rinses. 

2.3 � The analytical.flow diagram depicting the front and back half extraction 
procedures is $own in Figure 1. The samples are extracted using Soxhlet and/or 
solid phase extraction (SPE) techniques. _Front and back half sample extracts are 
cleaned using acid/base partitioning, and silica and carbon column 
chromatography. The flow diagram depicting the cleanup procedures is shoWil in 
Figure 2. Toe separate front and back halfextracts are analyzed using 
HRGC/HRMS. 

2.3 .1 Isotopically labeled internal standards are added to each fraction separately 
before extraction. 

2.3.2 � Isotopically labeled cleanup standards are added to the front half extract 
prior to sample cleanup. Isotopically labeled cleanup standards are not 
added to the back halfextract (See Section 7.2.4.3). 

2.3 .3 The PCB analytes in the processed extracts are ·separated with HR.Ge and 
identified and measured with HR.MS. Results are quantified using relative 
response factors. 

2.4 � Various performance criteria are specified herein which the analytical data must 
satisfy to ensure the quality of the data These represent minimum criteria which 
must be incorporated into any program in which toxic PCBs are determined in 
emissions from stationary sources. 

3.0 � DE~'l110NS AND ABBREVIATIONS 

3.1 � Def.nitions and Acronyms 

3.1.1 Analyte - a PCB ·compound measured by this method. The analytes are 
listed in Table 1. 

3.1.2 � Calibration Standard (CS) - a solution prepared from a secondary 
standard and/or stock solutions and used to calibrate the response of the 
instrument with respect to analyte ~oncentration. 

3.1.3 Calibration Verification Standard (VER) - the mid-point calibration 
standard (CS3) that is used to verify calibration. See Table 4. 

3. i.4 � Congener - refers to a particular compound of the same chemical family. 

2 
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· 3.1.5 CS1, CS2, CS3, CS4, CS5 - see calibration standards in Table 4. 

3.1.6 � HRGC -high resolution gas chromatograph or gas chromatcgraphy. 

3.1.? � l::f.Ki~l~ - hign reso1unon mass spectrometer or mass spectrometry. 

3.1.8 � Internal 
~-

Standard (IS) - a component which is added to ev:ry san:ple 
and is present in the same concentration in every blank, quality control 
sample, and cahoration solution. The IS is added to the sample before 
extraction and is used to measure the concentration of the analyte and 
surrogate compound. The IS recovery serves as an indicator of the overall 
performance of the analysis. 

3.1.9 � K-D -Kudema-Danish concentrator; a device used to concentrate the �
analytes in a solvent. �

3.1.10 �Laboratory Blank - see Laboratory Method Blank. 

3.1.11 �Laboratory Method Blank - an aliquot ofreagent water or solvent that is 
treated exactly as a sample including exposure to all laboratory glassware, 
equipment, solvents, reagents, internal standards, and surrogates that are 
used with samples. The laboratory method blank is used to determine if 
analytes or interferences are present in the laboratory environment, the 
reagents, or the apparatus. 

3.1.12 �Laboratory Spike Sample - a laboratory-prepared matrix blark spiked �
with known quantities of analytes. The laboratory spike sample is �
analyzed exactly like .a sample. Its purpose is to assure that the results �
produced by the laboratory remain within the limits specified in the �
method for precision and recovery. �

3.1.13 May - this action, activity, or procedural step is neither required nor �
prohibited. · �

3.1.14 May Not - this action, activity, or procedural step is prohibited. 

3.1.15 �Must-this action, activity, or procedural step is required. 

3.1.16 �m/z Scale - the molecular mass to charge ratio scale. 

3.1.17 PAR - precision and recovery standard; secondary standard used to �
prepare laboratory spike QC samples. �

3.1.18 �Percent Relative Standard Deviation (%RSD)- the standard deviation 
times 100 divided by the mean. Also termed "coefficient of variation." 

3 . 
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3.1. !'9 �PFK - perfluorokerosene; the mixture of compounds used to calibrate the 
exact m/z scale in the HRMS. 

3.1.20 �Primary Dilution Standard - a solution containing the specified analytes 
that is p~chased or prepared from stock solutions and diluted as needed to 
prepare calibration solutions and other solutions. 

3.1.21 � QC Check Sample - a sample containing all or a subset of the analytes at 
kno'Wll concentrations. The QC check sample is obtained from a source 
external to the laboratory or is prepared from a source ofstandards 
different from the source of calibration standards. It is used to check 
laboratory performance with test materials prepared external to the normal 
preparation process. 

3.1.22 �Reagent Water - water demonstrated to be free from the analytes of 
interest and potentially interfering substances at the analyte estimated 
detection limit; e.g., HPLC grade water.

3.1.23 �Recovery Standard - a kno'Wll amount ofcomponent added to the 
concentrated sample extract before injection_. The response of the internal 
ctandards relative to the recovery standard is used to estimate the overall 
recovery of the internal standards. 

3.1.24 Relative Response Factor - the response of the mass spectrometer to a 
known amount of an analyte relative to a known amount of an internal 
standard. 

:; .1.25 �RF - n:sponse factor. See Section 10.2.2. 

3.1.26 �RPD - relative percent difference, defined as the absolute value of the 
difference between two values divided by the mean of the two values, 
expressed as a percentage . 

.. 
3.1.27 �SIN - signal to noise ratio. 

3.1.28 �Should - this action, activity, or procedural step is suggested but not_ 
required. 

3.1.29 �SICP - selected ion current profile; the line descnoed by the signal at an 
exactm/z. 

:. : .30 �SPE - solid-pha<:e ~:"'~"'~"~; ll,., ~yt,--:,cfnu te-r-li,uq11e in which an analvte 
is extracted from an aqueous sample by passage over or through a material 
capable of reversibly adsorbing the analyte. Also termed liquid-solid 
extraction. 

4 
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3.1.31 � Specific Isomers - a specific isomer is designated by jnd.icating th~ exai:t 
positions (carbon atoms) where chlorines are located within the mo1ecuie. 
For r.xamrle, 2,3,3',4,4'-PeCB refers to only one ofth ... ?()Q ~M<:ir-lo PrP 

isomers ... that isomer which is chlorinated in the 2,3,3',4,4'-position of the 
biphenyl ring structure. 

3.1.32 �Specificity - the ability to measure an analyte of interest in the presence of 
interferences and other analytes of interest encountered in a sample. 

3.1.33 �Stock Solution - a solution containing an analyte that is prepared using a 
reference material traceable to EPA, the National lnsritute of Science and 
Technology (NIST), or a source that will attest to the purity anc 
authenticity of the reference material. 

3.1.34 �Surrogate Standard- a labeled analyte is added in a known amount to 
the XAD-2 resin of the sampling train prior to sampi.ing, and allowed to 
equilibrate with the matrix before the gaseous emissions are sampled. Its 
measured concentration in the extract is an indication of the sampling 
-efficiency and possible sample breakthrough during the sample :ollection. 
The surrogate standard has to be a component that can be completely 

- resolved, is not present in the sample, and does not have any interference 
effects. 

3.1.35 �Toxic PCB - any or all ofthe toxic chlorinated biphenyl isomers shown in 
Table 1. 

3.1.36 �VER- see Calibration Verification Standard (Section 3.1.3). 

3.2 � Abbreviations 

3.2.1 � PCB - any or all of the 209 possible polychlorinated biphenyl isomers. 

3.2.2 � TCB - abbreviation for tetrachlorinated biphenyl. 

3.2.3 � PeCB - abbreviation for pentachlorinated biphenyl. 

3.2.4 � HJ:CB - abbreviation for hexachlorinated biphenyl. 

3.2.5 � HpCB - abbreviation for heptachlorinated biphenyl. 

3.2.6 � DCB - abbreviation for decachlorinated biphenyl. 

5 
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4.0 � Th'TERFERENCES 

4.1 � Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware that lead to discrete artifacts 
and/or elevated backgrounds at the ions monitored. All of these materials must be 
routinely demonstrated to be free from interferences under the conditions of the 
analysis by analyzing field and laboratory blanks as -described in Sections 9 .1.1 
and 9.2.2. 

4.2 � Solvents, reagents, glassware, and other sample processing hardware may yield 
artifacts and/or elevated baselines causing misinterpretation of chromatograms. 
Specific selection of reagents and purification ofsolvents by distillation in all
glass systems may be required. Where possible, reagents are cleaned by extraction 
or solvent rinsing. The toxic PCB congeners 105, 114, 118, 123, 156, 157, 167, 
and 180 have been shown to be very difficult to completely eliminate from the 
laboratory, and baking ofglassware in a kiln or furnace at 450-500°C may be 
necessary to remove these and other contaminants. 

4.3 � Proper cleaning ofglassware is extremely important because glassware may not 
only contaminate the samples but may also remove the analytes of interest by 
adsorption onto the glass surface. 

4.3.1 � Glassware should be rinsed with methanol and washed with a detergent 
solution as soon after use as is practical. Sonication of glassware 
containing a detergent solution for approximately 30 seconds may aid in 
cleaning. Glassware with removable parts, particularly separatory funnels 
with fluoropolymer stopcocks, must be disassembled prior to detergent 
washing. 

4.3.2 � After detergent washing, glassware should be rinsed immediately; first 
with methanol, then with hot tap water. The tap water rinse is followed by 
distilled water, methan(?l, and then methylene chloride rinses. 

4.3.3 � Baking of glassware in kiln or other high temperature furnace (450
5000C) may be warranted after particularly dirty samples are encountered. 
However, baking should be minimized, as repeated baking of glac;sware 
may cause active sites on the glass surface that may irreversibly adsorb 
PCBs. 

4.3.4 � Immediately prior to use, the Soxhlet apparatus should be pre-extracted 
with methylene chloride for 3 hours to remove any possible background 
contamination. 

4.4 � The use ofhigh purity reagents minimizes background contamination and 
interference problems. Purification of solvents by distillation in all-glass systems 
may be required. 
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4.5 � Matrix interferences may be caused by contaminants that are co-extractec from 
the sample. The extent of matrix interferences may vary considerat 1J v. it:.; S1.. 
source being sampled. Toxic PCBs are often associated with other inte1fe:ring 
chlorinated compounds which are at concentrations several orders of :c1aQilitude 
higher than that of the PCBs of interest. The cleanup procedures in Section 11.3 
can be used to reduce many of these interferences, but unique sample!- may 
require additional cleanup approaches. 

4.6 � Two high resolution capillary columns, a J&W DBXLB, 60 :c1 x 0.25 mm x 0.25 
µm (J&W), and a 50 m x 0.23 mm x 0.25 µm HT-8 (SGE), are recommended for 
PCB analysis because both of these columns will resolve all 13 toxic PCBs. 
Equivalent columns that sufficiently resolve the toxic PCBs may also be used. 

4.7 � Ifother gas chromatographic conditions or other techniques are used, the analyst 
is required to support the data through an adequate quality assurance program. 

5.0 	 SAFETY 

5.1 The toxicity or carcinogenicity ofeach reagent used in this method bas not been 
precisely defined. Nevertheless, each chemical compound should be treated as a 
potential health hazard. Therefore, exposure to these chemicals must be reduced 
to the lowest possible level by whatever means available. 

5.2 � The laboratory is responsible for maintaining a current file of OSHA regulations 
regarding the safe handling of the chemicals specified in this method. A reference 
fii.e ofmaterial safety data (MSD) sheets should also be made available to all 
personnel involved in the cher;n.ical analysis. 

5.3 � PCBs and methylene chloride have been classified as known or suspected humar. 
or mammalian carcinogens. 

6.0 	 EQUIPMENT AND SUPPLIES 

6.1 � Balances 

6.1.1 � Analytical-Capable ofweighing 0.1 mg. 

6.1.2 � Top loading-Capable ofweighing ~O mg. 

6.2 � Extraction Apparatus 

6.2.1 � Solid Phase Extraction (SPE); for impinger water. 
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SPE manifold, and a vacuum source capable ofmaintaining 25 in. Hg, 
equipped with shutoff valve and vacuum gauge shall be used. SPE 
columns containing octadecyl (C1J bonded silica uniformly enmeshed in 
an inert matrix-Fisher Scientific 14-378°F (or equivalent) are used to 
extract.tl:~.e impinger water. Equivalent extracting procedures may be used 
to extract the target analytes from the impinger water. 

6.2.2 � Soxhlet Extraction; for XAD-2 resin and particulate filter. 

The XAD-2 resin and particulate filters will be extracted using the Soxhlet 
technique. The Soxhlet extractor shall be a 50-mm ID, 200-m.L capacity 
with 500-mL flask (Cal-Glass LG-6900, or equivalent, except substitute 
500-m.L round-bottom flask for 300-mL flat-bottom flask). The heating 
mantle shall be hemispherical to fit 500-m.L round-bottom flask (Cal-Glass 
LG-8801-112, or equivalent). The heating mantle is controlled with a 
variable transformer(Powerstat, or equivalent), 110 volt, 10 amp. 

6.3 � Filtration Apparatus 

6.3.1 � Pyrex Glass Wool-heated in an oven at 450-s·oo ·c for--8 hours minimum.·· 

6.3.2 � Glass Funnel-125- to 250-mL. 

6.3.3 � Glass Fiber or Quartz Fiber Filter Paper-Whatman GF/D (or equivalent). 

6.4 � Cleanup Apparatus 

6.4.1 � Drying Column-15- to 20-mm ID Pyrex chromatographic column· 
equipped with coarse-glass frit or glass-wool plug. 

6.4.2 � Pipets 

6.4.2.1 � Disposable, Pasteur, 150-mm long x 5-mm ID (Fisher Scientific 
13-678~6A, or equivalent). 

6.4.2.2 � Disposable, serological, 25-mL (8- to 10- mm ID). 

6.4.3 � Glass Chromatographic Columns 

6.4.3.1 � 150-mm long x 8-mm ID, (Kontes K-420155, or equivalent) with 
coarse-glass frit or glass-wool plug and 250-mL reservoir. 

6.4.3.2 � 200-mm long x 15-mm ID, with coarse-glass frit or glass-wool 
plug and 250-mL reservoir. 
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6.5.2.3 � 300-mm long x 22-mm ID, with coarse-glass frit, 300-mL reservoir, and �
glass or fluoropolymer stopcock.. �

6.5.3 � HPLC/GPC �

6.5.3.1 � HPLC.with a W detector. �

6.5.3.2 � Autosampler capable of injecting 500 to 600 µL of sample. �

6.5.3.3 � Programmable fraction collector. �

6.5.3.4 � Recorder or integrator capable ofrecording the signal from a lN �
detector. �

6.5.3.5 � 60 mL fraction collector vials/tubes. �

6.5.3.6 � Liquid chromatography pump capable ofproviding aconstant flew of 5 

or 10 mIJmin. �

6.5.3.7 � 122.5 x 300 mm, 100 A pore size, Phenogel GPC/s~~ exclusion column. �

6.5.3.8 � 7.8 x 50 mm Phenogel precolumn. �

6.5.4 � Oven-For baking and storage of adsorbents, capable ofmaintaining a constant �
temperature (±5°C) in the range of 105-250°C. �

6.6 � Concentration Apparatus · �

6.6.1 � Rotary evaporator-Buchi/Brinkman-American Scientific No. E5045-l O or �
equivalent, equipped with a variable temperature water bath. �

6.6.1.1 � Vacuum source for rotary evaporator equipped with shutoff valve at the �
evaporator and yacuum gauge. �

6.6.1.2 � A recirculating water pump and chiller are recommended, as use of tap �
water for cooling the evaporator wastes large volumes of water and can �
lead to inconsistent performance as water temperatures and pressures �
vary. �

6.6.1.3 � Round-bottom flask-100-mL and 500-mL or larger, with ground-glass �
fitting compatible with the rotary evaporator. �

6.6.2 � Kuderna-Danish (K-D) concentrator �
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6.4.3.3 � 300-mm long x 22-mm ID, with coarse-glass frit, 300-mL 
reservoir, and glass or fluoropolymer stopcock. 

6.4.3.4 � Oven-For baking and storage of adsorbents, capable of 
, �.maintaining a constant temperature (±5 °C) in the range of 105

.. 250°C. 

6.5 � Concentration Apparatus 

6.5 .1 Rotary Evaporator-Bucbi/Brinkman-American Scientific No. E5045-10 
or equivalent, equipped with a variable temperature water bath and 
vacuum source. A recirculating water pump and chiller are recommended, 
as use of tap water for cooling the evaporator wastes large volumes of 
water and can lead to inconsistent performance ifwater temperatures and 
pressures vary. 

6.5.2 � Kuderna-Danish (K-D) Concentrator-Concentrator tubes (10-mL 
graduated, Kontes K-570050-1025, or equivalent), ground-glass stoppers 
(size 19/22 joint) to prevent evaporation of extracts, evaporation flasks ( 
500-mL, Kentes K-570001-0500, or equivalent), Snyder column (three
ball macro, Kontes K-503000-0232, or equivalent) may be used. 

6.5.2.1 � Glass or silicon carbide boiling chips-approximately 10/40 mesh, 
should be extracted with methylene chloride, and baked at 450°C 
for 1 hour minimum. 

6.5.2.2 � Fluoropolymer chips (optional) shall be extracted with methylene 
chloride prior to use. A heated water bath capable of maintaining 
a temperature within ±2 °C shall be used in a fume hood. 

6.5.3 � Nitrogen Blowdown Apparatus-Equipped with water bath controlled in 
the range of30 - 60°C (N-Evap, Organomation Associates,Ipc., or 
equivalent), installed in·a fume hood may be used. 

6.5.4 � TurboVap Nitrogen Blowdovm-Turbovap Il, Zymark, or equivalent may 
be used, equipped with concentrator- tubes (Turbotubes, or equivalent). 

6.6 � Analytical Instrumentation 

6.6.1 � Gas Chromatograph-Shall have splitless or on-column injection port for 
capillary column, temperature program with isothermal hold, and shall 
meet all of the performance specifications in Section 10. 

6.6.2 � GC Columns-Each of the GC columns listed below is capable of 
resolving the 13 toxic PCB congeners analyzed for in this method. Other 

9 

N-13 



GC columns may be used so long as resolution of the PCB ron;-:~:ri.':'.,.'- 1f 
concern from their most closely eluting leading and trailing congeners can 
be demonstrated. 

6.6.2.1' -Column #1-50 m long x 0.25±0.02-mm ID; 0.25-µm film HT-8 
~ (SGE, or equivalent). 

6.6.2.2 � Column #2-60 m long x 0.25±0.02-mm ID; 0.25-µm film 
DBXLB (J&W, or equivalent). 

6.6.3 � Amber Glass Sample Vials-I to 2-mL with fluoropolymer-lined screw
cap. 

6.6.4 � Amber Glass Vials--0.3-mL, conical, with fluoropolymer-lined screw or 
crimp cap. 

6.6.5 � High Resolution Mass Spectrometer-·28- to 40-eV electron ionization, 
shall be capable ofrepetitively selectively monitoring 12 exact m/z's 
minimum at high resolution c~ 10,000) during a period less than 1.5 
seconds, and shall meet all of the performance specifications in 
Section 10. 

6.6.6 � HR.GC/HRMS Interface-The high resolution mass spectrometer (HRMS) 
shall be interfaced to the high resolution gas chromatograph (HRGC) such 
that the end of the capillary column terminates within 1 cm oftbe ion 
source but does not intercept the electron or ion beams. 

6.6.7 � Data System-Capable ofcollecting, recording, and storing MS data. 

7.0 � REAGENTS AND STANDARDS 

Note: unless otherwise stated, ali reagents, water, and solvents must be pesticide grade or 
equivalent · 

7.1 � Sample Preparation and Analysis Reagents 

7.1.1 � pH Adjustment and Acid and Base Partitioning 

7.1.1.1 � Potassium Hydroxide-Dissolve 20 g ofpesticide grade (if 
available) KOH in 100 mL reagent water. 

7.1.1.2 � Sulftnic Acid-Pesticide grade (if available; specific gravity 
1.84). 
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7.1.1.3 � Hydrochloric Acid-Pesticide grade (ifavailable), 6N. 

7.1.1.4 � Sodium Chloride-Pesticide grade (if available), prepare at 5 
percent (w/v) solution in reagent water. 

7.1.1.5 �·- Desiccant-EM Science silica gel Grade H Type IV Indicating 
(6-16 mesh). 

7.1.2 Solution Drying and Evaporation 

7.1.2.1 � Solution Drying-Sodium sulfate, pesticide grade (ifavailable), 
granular, anhydrous (Baker 3375, or equivalent), rinsed with 
methylene chloride (20 ml)g), baked at 400°C for 1 hour 
minimum, cooled in a desiccator, and stored in a pre-cleaned 
glass bottle with screw-cap that prevents moisture from entering. 
If, after heating, the sodium sulfate develops a noticeable grayish 
cast ( due to the presence ofcarbon in the crystal matrix), that 
batch ofreagent is not suitable for use and should be discarded. 
Extraction with methylene chloride (as opposed to simple 
rinsing) and baking at a lower temperature may produce sodium 
sulfate that is suitable for use. 

7.1.2.2 � Prepurified Nitrogen-99.9995% purity. 

7 .1.3 Extraction 

Solvents--Acetone, n-hexane, methanol, methylene chloride, and nonane; 
distilled in glass, pesticide quality, lot-certified to be free of interferences. 

7.1.4 Extract Cleanup Adsorbents 

7.1.4.1 � Activated Silica Gel-100-200 mes~ Supelco 1-3651 (or 
equivalent), rinsed with methanol and methylene chloride, then 
extracted with methylene chloride for 3 hours, baked at 45°C for 
a halfhour, then increased to 140-150°C for a minimum of 1 
hour, cooled in a desiccator at room temperature, and stored in a 
precleaned glass bottle with screw-cap that prevents moisture 
from entering. 

7.1.4.2 � Acid Silica Gel (30 percent w/w)-Thoroughly mix 15 mL of 
concentrated sulfuric acid with 35 g of activated silica gel in a 
clean coI;.tainer. B ..eak up aggregatecs with a stirring rod 111Jtil a 
uniform mixture is obtained. Store in a screw-capped bottle with 
fluoropolymer-lined cap. 
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7.1.4.3 � Basic Silica Gel-Thoroughly mix 17 mL of 1N sodi,_im 
hydroxide with 35 g of activated silica gel in a clean cont?.liler. 
Break up aggregates with a stirring rod until a uniform mixture is 
obtained. Store in a screw-capped bottle wi!...i._ ~-.: ~~:; "1:- ..,_ 

· -lined cap. · 

7.1.4.4 � Carbopak C-{Supelco 1-0258, or equivalent), and Celite 545
(Supelco 2-0199, or equivalent). Thoroughly mix 18 g Carbopak 
C and 18 g Celite 545 to produce a 50 percent w/w mixture. 
Activate the mixture at 130°C for a minimum of 6 hours. Store 
in a desiccator. 

7.2 Standard Solutions 

Standards purchased as solutions or Illixtures with certification to their purity, 
concentration, and authenticity, or prepared from materials ofknown punty and 
composition. If the chemical purity is 98 percent or greater, the weight may be 
used without correction to compute the concentration of the standard. Standards 
should be stored in the dark in a freezer at s0°C in screw-capped vials with 
fluoropolymer-lined caps when not being used. A mark is placed on tl:e vial at the 
level of the solution so that solvent loss by evaporation can be detected. If solvent 
loss has occurred, or the shelf life has expired, the solution should be replaced. 

7.2.1 Stock Standard Solutions 

7.2.1.1 � Prepared in nonane per the steps below or purchase as dilute 
solutions (Cambridge Isotope Laboratories (CIT.,, Woburn, t1A, 
or equivalent). Observe the safety precautions in Section 5. 

7.2.1.2 � AJJ. appropriate amount of assayed reference material is dissolved 
in solvent. For example, weigh 1 to 2 mg ofPCB 126 to three 
significant figures in a 10-mL ground-glass-stoppered volumetric 
flask and fill to the mark with nonane. Aft~ the PCB is 
completely dissolved, transfer the solution to a clean 15-mL vial 
with fluoropolymer-lined cap. 

7.2.1.3 � Stock standard solutions should be checked for signs of 
degradation prior to the preparation of calibration or performance 
test standards. Reference standards that can be used to determine 
the accuracy ofcahoration standards are available from several 
vendors. 

7.2.2 Precision and Recovery (PAR) Stock Solution 
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Using the solutions in Section 7.2.1, prepare the PAR stock solution to 
contain the PCBs of interest at the concentrations shovro in Table 3. 
When diluted, the solution will become the PAR spiking solution 
(Section 7.2. 7). 

7.2.3 � Internal Standard Solutions 

7.2.3.1 � Internal Standard Stock Solution 

From stock standard solutions, O! from purchased mixtures, 
prepare this solution to contain the labeled internal standards in 
nonane at the stock solution concentrations shown in Table 3. 
This solution is diluted with methylene chloride prior to use 
(Section 7.2.3.2). 

7.2.3.2 � Internal Standard Spiking Solution 

Dilute a sufficient volume of the labeled compound solution 
(Section 7.2.3.1) by a factor of 500 with acetone to prepare a 
diluted spiking solution. Concentrations may be adjusted to 
compensate for background levels. Each sample requires 1.0 mL 
of the diluted solution. 

7.2.4 � Surrogate Standard Spiking Solution 

7.2.4.1 � Prepare labeled PCBs 81 and 111 in acetone at the levels sbovro 
in Table 3. 

7.2.4.2 � The solution functions as a cleanup standard for the front half, 
and is added to the filter/front half extract prior to cleanup to 
measure the efficiency of the cleanup process. 

7.2.4.3 � Surrogate standards are not added to the XAD-2/back half 
extract prior to cleanup, since labeled PCB 81 and 111 are spiked 
onto the XAD-2 resin prior to shipment of the XAD-2 module 
into the field (Section 9.1.2). 

7.2.4.4 � The efficiency of the cleanup process for the XAD-2/back half 
extract can be measured by the recoveries of the internal 
standards. 

7.2.5 � Recovery Standard(s) Spiking Solution 

Prepare the recovery standard spiking solution to contain labeled PCBs 52, 
101, 138, and 178 in nonane at the level shovro in Table 3. 
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7.2.. 6 � Calibration Standards (CSl through CS5) 

7.2.6.1 Combine the solutions in Sections 7.2.1 to product the fr.;e 
c::i.libration ~olutions shown in Table 4 in nonane. 

. 
7.2.6.2 ._ Calibration standards may also be purchased already prepared in 

nonane (CII.,). 

7.2.6.3 � The prepared solutions permit the relative response (labeled to 
native) to be measured as a function of concentration. The CS3 
standard is used for calibration verification (VER). 

7.2.7 � Precision and Recovery (PAR) Spiking Solution 

7.2.7.1 Used for preparation of laboratory spike QC samples (Section 
9.2.4). 

7.2.7.2 � Dilute 200 µL of the PAR stock solution (Section 7.2.2) to 10 
mL with acetone. Each laboratory spike QC sample requires 1.0 
mL. 

7.2.8 � GC Retention Time Window Defining and Isomer Specificity Test 
Solution 

7.2.8.1 This solution is used to define the beginning and ending retention 
times for the PCB congeners and to demonstrate iso.ner 
specificity of the GC columns. 

7.2.8.2 � The solution must contain the compounds listed in Table 8 (CIL, 
or equivalent), at a minimum. 

7.2.9 � QC Check Sample 
.. 

Ifavailable, a QC check sample should be obtained from a source 
independent of the calibration standards. Ideally, this check sample 
should be a certified standard reference material (SRM) containing the 
PCBs in known concentrations in a sample matrix similar to the matrix 
being analyzed. 

7.2.10 Solution Stability 

7.2.10.1 Standard solutions used for quantitative purposes (Section 7.2.6) 
should be analyzed periodically, and should be assayed against 
reference standards before further use. 
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7.2.10.2 �If the analysis yields standard concentrations that are not within 
25% ofthe true value for any PCB, the solutions will be replaced 
with solutions that, when analyzed, yield concentrations that are 
\l\Tithin 25% of the true value. 

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

8.1 Sample Collection 

Emission samples to be analyzed for toxic PCBs by this method are collected 
according to EPA Modified Method 5 (MMS) procedures, or equivalent. Sample 
collection procedures are fully described in EPA Method 0010, and are not 
reproduced in this analytical method. The following sample fractions are 
generated using MM5 sampling procedures and provided to the laboratory for 
PCB determination: 

Front Half Sample Fractions 
• Particulate Filter (Container No. 1) 
• Front Half Acetone/Methylene Chloride Reagent Rinses (Container No. 2) 

Back Half Sample Fractions 
• XAD-2 Module (Container No. 3) 
• Back Half Acetone/Methylene Chloride Reagent Rinses (Container No. 4) 
• Impingers Water Contents (Container No. 5) 
• Impingers Acetone/Methylene Chloride Reagent Rinses (Container No. 6) 

8.2 Storage 

Solvent, filter, and XAD-2 sample fractions should be stored at the laboratory in 
the dark at .s:4 °C. Aqueous sample fractions should be stored at the laboratory in 
the dark at 4°C to prevent freezing. 

8.3 Holding Times 

All samples must be extracted within 30 days of collection and analyzed within 45 
days ofextraction. 

9.0 QUALITY CONTROL 

9.1 Sampling Quality Assurance/Quality Control 

The positive identification and quantification ofPCBs in stationary source 
emissions are highly dependent on the integrity of the samples received and the 
precision and accuracy of the :ma.lytical procedures employed. The QA 
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procedures described in this section are to be used to monitor the rerfom:z.."1c~ 'Jf 
the sampling methods, identify problems, and effect solution:;. 

9.1.1 Fic:!j, Re::gent, and Method Blanks 
,4: I 

Field, reagent, and method blanks are collected to monitor the possibility 
ofcontamination from train components, field reagents, glassware, and 
shipment procedures. 

9.1.2 XAD-2 Resin Pre-Spiked Surrogate Standards 

Standards arc pre-spiked onto each XAD-2 resin module prior to shipment 
to the field. The XAD-2 resin pre-spiking procedure is describecl. in 
Appendix A of this method. The spiking compoumb should be the stable, 
isotopically labeled analog of the compounds of interest, or a .:ompound 
that will exln'bit properties similar to the compounds of interest. Surrogate 
standards function to monitor sampling efficiency and possible compound 
breakthrough during sampling. 

9.2 Analytical Method Quality Assurance/Quality Control 

The minimum requirements of this method consist ofspiking samples with 
labeled compounds to evaluate and document analyte recovery, and preparation 
and analysis of QC samples including blanks and duplicates. Laboratory 
performance is compared to established performance criteria to determine if the 
results of analyses meet the performance requirements of the method. 

9.2.1 Labeled Compounds 

The laboratory shall spike all samples with the labeled standard spiking 
solution (Sections 7.2.3.2 and 7.2.4) to assess method performance on the 
sample matrix. Recovery oflabeled standards from samples should b..:: 
assessed and records should be maintained. 

9.2.1.1 � .Analyze each sample according to the procedures in Section 11. 
Compute the percent recovery of the labeled standards (Section 
12.2.3). 

9.2.1.2 � The recovery ofeach labeled compound will be compared with 
the targeted limits in Table 5. If the recovery of any compound 
falls outside of these limits the data will be flagged and impact 
on reported concentration will be discussed in the reported 
results. 
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9.2.2 � Laboratory Method Blanks 

9.2.2.1 � Prepare, extract, clean up, and concentrate a laboratory method 
blank with each sample batch (samples of the same matrix started 

· -through the extraction process on the same 12-hour shift, to a 
·· maximum of20 samples). A laboratory method blank will 

consist of clean XAD-2 resin, two particulate filters, and all 
solvents/reagents in the approximate volumes normally received 
from the field. 

9.2.2.2 � If any native PCB (Table 1) is found in the blank at greater than 
20 percent of the concentration level found in the sample, the 
reported data should be flagged as potentially containing some 
contnbution from laboratory procedures. 

9.2.3 � QC Check Sample 

Ifavailable, analyze a QC check sample (Section 7.2.9) periodically to 
assure the accuracy of calibration standards and the overall reliability of 
the analytical process. It is suggested that the QC check sample be 
analyzed at least quarterly. 

9.2.4 � Laboratory Spike Samples 

9.2.4.1 � With each sample batch, duplicate XAD traps not sent to the 
field are spiked with PAR spiking solution (Section 7.2.7) and 
processed through the same extraction, cleanup, and analysis 
procedures as the field samples. 

9.2.4.2 � Calculate precision for the duplicate laboratory spike samples as 
the relative percent difference (RPD). The RPD should be ~30 
percent 

9.2.4.3 � Calculate accuracy for the laboratory spike samples by 
determining the percent recovery of spiked analytes. Accuracy 
should be within 70-130 percent for analytes spiked 5 ti.mes the 
background level of the train blank. 

9.2.4.4 � Any results outside of the above criteria will be flagged and the 
impact on reported concentrations discussed in the reported 
results. 

9.2.5 � The front half and back half fractions are processed and analyzed as 
separate extracts. This approach enhances QA/QC by enabling the analyst 
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to pinpoint possible contamination and analyte losses to eifaer ±-: fr'"l::! er 
back half fractions of the sampling train. 

9.2.6 � The specifications contained ti this method can be r.:.~: ::~.: .:.;i,:...-::.:..: 
used is' calibrated properly and then maintained in a calibrated stat~. 
9.2.6.1 �.: The standards used for calibration (Section 10), calibratio!l 

verification (Section 10.3.2), and for laboratory spike sample3 
(Section 9.2.4) should be identical, so that the most precise 
results will be obtained. 

9.2.6.2 � A HRGC/HRMS instrument will provide the most reproduci'::Jle 
results ifdedicated to the settings and conditions required for the 
analyses ofPCBs by this method. 

10.0 � HRGC/HR..\1S CALIBRATION 

10.1 � Operating Conditions 

Establish the _operating conditions necessary to meet the minimum retention times 
for the internal and recovery standards in Table 2. 

10.1.1 Suggested HRGC Operating Conditions 

Injector temperature: 290°C 
Interface temperature: 290 ° C 
Initial temperature: 150°C 
Initial time: 2 min 
Temperature pro~: 150 to 200°C at 10°C/min; 200 to 280°C at 

2°C/min 

NOTE: All portions of the column that connect the HRGC to the ior, 
source shall remain at or above the interface temperature specified above 
during analysis to preclude condensation ofless volatile compounds. 

The HRGC conditions may be optimized for compound separation and 
sensitivity. Once optimized, the same HRGC conditions must be used for 
the analysis ofall standards, blanks, and samples. 
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10.12 	 High Resolution Mass Spectrometer (HR.MS) Resolution 

10.1.2.1 � Obtain a selected ion current profile (SICP) of each analyte 
listed in Table 3 at the two exact m/z's specified in Table 6 and 

· -· at ~ 10,000 resolving power by injecting an authentic standard 
·· � of the PCBs either singly or as part ofa mixture in which there 

is no interference between closely eluted components. 

10.1.2.2 � The analysis time for PCBs may exceed the long-term mass 
stability of the mass spectrometer. Because the instrument is 
operated in the high-resolution mode, mass drifts of a few ppm 
(e.g., 5 ppm in mass) can have serious adverse effects on 
instrument performance. Therefore, a mass-drift correction is 
mandatory and a lock-mass m/z from PFK is used for drift 
correction. The lock-mass m/z is dependent on the exact m/z's 
monitored within each descriptor, as shown in Table 6. The 
level ofPFK metered into the HRMS during analyses should 
be adjusted so that the amplitude of the most intense selected 
lock-mass m/z signal (regardless of the descriptor number) 
does not exceed 10 percent of the full-scale deflection for a 
given set ofdetector parameters. Under those conditions, 
sensitivity changes that might occur during the analysis can be 
more effectively monitored. 

NOTE: Excessive PFK (or any other reference substance) may 
cause noise problems and contamination of the ion source 
necessitating increased frequency of source cleaning. 

10.1.2.3 � If the HRMS has the capability to monitor resolution during the 
analysis, it is acceptable to terminate the analysis when the 
resolution falls below 10,000 to save reanalysis time. 

10.1.2.4 � Using.a PFK molecular leak, tune the instrument to meet the 
rnfoirnum required resolving power of 10,000 (10 percent 
valley) at m/z 380.9760. For each descriptor (Table 6), 
monitor and record the resolution and exact m/z's of three to 
five reference peaks covering the mass range of the descriptor. 
The resolution must be greater than or equal to 10,000, and the 
deviation between the exact m/z and the theoretical m/z 
(Table 6) for each exact m/z monitored must be less than 
5ppm. 

10.1.3 � Ion Abundance Ratios, Minimum Levels, Signal-to-Noise Ratios, and 
Absolute Retention Times 
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10.1.3.1 � Choose an injection volume of either 1- or 2-µL, consistent 
with the capability of the HRGC/HRMS instrument. Inject a~
or 2-µL aliquot of the CSl calibration solution (Tabie 4) using 
the GC conditions from Section 10.1.1. 

10.1.3.2 � Measure the SICP areas for each analyte, and compute the ion 
abundance ratios at the exact m/z's specified in Table 6. 
Compare the computed ratio to the theoretical ratio giveu in 
Table 7. 

Toe exact m/z's to be monitored in each descriptor are shov.n in 
Table 6. Each group or descriptor shall be mocitored in succes
sion as a function of GC retention time to ensure that all of the 
toxic PCBs are detected- Additional m/z's may be monitored in 
each descriptor, and the m/z's may be divided among more than 
the descriptors listed in Table 6, provided that the laboratory is 
able to monitor the m/z's of all the PCBs that may elute from 
the GC in a given retention-time window. 

Toe mass spectrometer shall be operated in a mass-drift 
correction mode, using PFK to provide lock m/z's. The lock 
mass for each group ofm/z's is shown in Table 6. Each lock 
mass shall be monitored and shall not vary by more than ±20 
percent throughout its respective retention time window. 
Variations of the lock mass by more than 20 percent indicate 
the presence of coeluting interferences that may significa!ltly 
reduce the sensitivity of the mass spectrometer. Reinjection of 
another aliquot of the sample extract will not resolve the 
problem. Additional cleanup ofthe extract may be required to 
remove the interferences. 

10.1.3.3 � All PCBs and labeled compounds in the CS1 standard shall bt 
wi~ the QC limits in Table 7 for their respective ion 
abundance ratios; otherwise, the mass spectrometer shall be 
adjusted and th.is test repeated until the m/z ratios fall v.ithin 
the limits specified. If the adjustment alters the resolution of 
the mass spectrometer, resolution shall be verified (Section 
10.1.2) prior to repeat of the test. 

10.1.3.4 � Toe peaks representing the PCBs and labeled compounds in the 
CS1 calibration standard must have signal-to-noise ratios (Sn-..') 
greater th.an or equal to 10.0. Otherwise, the mass spectrometer 
shall be adjusted and th.is test repeated until the peaks have S/N 
greater th.an or equal to 10.0. 

20 

N-24 



10.1.3.5 � Retention Time Windows--Analyze the 'Window defining 
mixture (Section 7 .2.8) using the optimized temperature 
program in Section 10. 1. 1. Table 2 gives the elution order 
(first/last) of the window-defining compounds. 

10.1.4 � Isomer-Specificity 

10.1.4.1 � Analyze the isomer specificity test standard (Section 7 .2.8) 
using the procedure in Section 11.11 and the optimized 
conditions for sample analysis (Section 10.1.1). 

10.1.4.2 � Compute the percent valley between the GC peaks for PCB 
123 and PCB 118, and between the GC peaks for PCB 156 and 
157. 

10.1.4.3 � Verify that the height of the valley between these closely eluted 
isomers is less than 25 percent. If the valley exceeds 25 
percent, adjust the analytical conditions and repeat the test or 
replace the GC column and recalibrate. 

10.2 Initial Calibration 

10.2.1 � Prepare a calibration curve encompassing the concentration range for 
each compound to be determined. Referring to Table 2, calculate the 
relative response factors for unlabeled target analytes (RFJ relative to 
their appropriate internal standard (Table 5) and the relative response 
factors for the 13C12-labeled internal standards (RFJ using the four 
recovery standards {Table 5) according to the following formulae: 

RF = (A/ +A/) x Q., �
• 1 1 Q�(A., + A;, � ) X II 

RF. = (A;. I + A}) X Q,, �
.. (A,. 1 +A,/) X Q,.. �

where: �

A 1 and A' • sum ofthe integraJed ion abundances ofthe quantitation ions (Tables 2, 3 and II II 

6) for unlabeled PCBs, 
A 1 and"' • sum ofth, integrated ion abundances ofthe quantitation ions (Tables 2, 3 and II n1, 

6) for the labeled internal standards, 
A,, 1 and A,, 1 • sum ofthe integrated ion abundances ofthe quantitation ions (Tables 2, 3 and 

6) for the recuvery standard. �
Q,, c quantity ofthe internal standard injected (pg), �
Q,, • quantity ofthe recovery standard injected (pg), and �
Q. • quantity ofthe unlabeled PCB analyte injected (pg). 

RF,, and the RF11 are dimensionless quantities; the units used to express Q111 Q,, and Q,, 
must be the same. 



10.2.2 � Calculate the mean relative response factors and their respecti·1e percent 
relative standard deviation (%RSD) for the five calibratior.i solutions. If 
the mean relative response factors between the an~::~:.: :: ::.: : -- : ::..= ? ~ ~ ~ 
RSD, the instrument must be re-calibrated. 

s 

I RF,,aJ 
J•lRFn = 

5 

where n represents a particular PCB congener (n-= 1 to 13; Table 3), andj is the 
injection or cah'bration solution number; G,.. 1 to 5). 

where is represents a particular PCB intern.al standard (is= 14 to 23; Table 3), and j is 
ttic injection or cah'bration solution number; G• 1 to 5). 

10.3 Operation Verification 

At the beginning ofeach 12-hour shift during which analyses are performed, 
HRGC/HRMS system performance and calibration are verified for all native 
PCBs and labeled compounds. For these tests, analysis of the CS3 calibration 
verification (VER) standard (Section 7.2.6 and Table 4) and the isomer specificity 
test solution (Section 7.2.8 and Table 8) shall be used to verify all performance 
criteria. Adjustment and/or recalibration (Section 10) shall be performed until all 
performance criteria are met Only after all performance criteria are met may 
samples and blanks be analyzed. 

10.3.1 � HRMS Resolutipn 

A static resolving power of at least 10,000 (10 percent valley definition) 
must be demonstrated at the appropriate m/z before any analysis is 
performed. . Static resolving power checks must be performed at the 
beginning and at the end ofeach analysis batch according to procedures 
in Section 10.1.2. Cozrective actions must be implemented whenever the 
resolving power does not meet the requirement 

10.3.2 � Calibration Verification 

10.3.2.1 Inject the VER standard using the procedure in Section 11.11. 
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10.3.2.2 � The m/z abundance ratios for all PCBs shall be within the 
limits in Table 7; otherwise, the mass spectrometer shall be 
adjusted until the m/z abundance ratios fall within the limits 
specified, and the verification test shall be repeated. If the 

-· adjustment alters the resolution of the mass spectrometer, reso
·- lution shall be verified (Section 10.1.2) prior to repeat of the 

verification test. 

10.3.2.3 � The peaks representing each native PCB and labeled compound 
in the VER standard must be present with a SIN ofat least 1 O; 
otherwise, the mass spectrometer shall be adjusted and the 
verification test repeated. 

10.3.2.4 � Calculate the relative response factors (RF) for unlabeled target 
analytes [RF(n); n =1 to 13 from Table 3] relative to their 
appropriate internal standards (Table 2), and the RFis for the 
13C12-labeled internal standards [RFCil); is= 14-23] relative to 
the recovery standards (Table 2) using the equations shovm in 
Section 10.2.1. 

10.3.2.5 � For each compound, compare the relative response factor with 
those generated in the initial calibration. Relative response 
factors should be within 35 percent of initial cah'bration results 
for 70% of the analytes for the calibration to be verified. Once 
verified, analysis ofstandards and sample extracts may 
proceed. If, however, fewer than 70% ofthe response factors 
are within the 35% limit, the measurement system is not 
performing properly for those compounds. In this event, 
prepare a fresh calibration standard or correct the problem 
causing the failure and repeat the resolution (Section 10.3.1) 
and cali'bration verification (Section 10.3.2) tests, or recalibrate 
(Section 10). Per the analyst's discretion, results may also be 
reported for these analytes using the average calibration 
verification response factors bracketing the samples rather than 
the mean response factor generated in the initial calibration. If 
this option is chosen, data reported using an average calibration 
verification response factor should be flagged and discussed in 
the final report. 

10.3 .3 Retention Times 

The absolute reteation times ofthe GC/M:S b~emal sta"'ldards h tr.c
calibration verification shall be within ±15 seconds of the retention times 
obtained during initial calibration. 
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10.3.4 HRGC Resolution 

10.3.4.1 � Inject the GC retention time window defining and isomer 
specificity test solution (Section 7.2.8). 

10.3.4.2 � Toe valley height between PCBs 123 and 118 at m/z 325.8804 
shall not exceed 25 percent, and the valley height between 
PCBs 156 and 157 shall not exceed 25 percent at m/z 
359.8415 on the GC columns. 

10.3.4.3 � If the absolute retention time of any compound is not v.rithin 
the limits specified or if the congeners are not resolve,!, the GC 
is not performing properly. In this event, adjust the GC md 
repeat the calibration verification test or recalibrate, or replace 
the GC column and either verify calibration or recalibrate. 

10.4 Data Storage 

MS data shall be collected, recorded, and stored. 

10.4.1 Data Acquisition 

The signal at each exact m/z shall be collected repetitively throughout the 
monitoring period and stored on a mass storage device. 

10.4.2 Response Factors and Multipoint Calibrations 

The data system shall be used to record and maintain lists of response 
factors and multipoint. calibration curves. Computations ofrelative 
standard deviation (coefficient ofvariation) shall be used to test 
calibration linearity. 

11.0 PROCEDURE 

The analyst will receive the following six analytical fractions for each sample collected in the 
field: 

Front Half Sample Fractions 
• Particulate Filter (Container No. 1) 
• Front Half Acetone/Methylene Chloride Reagent Rinses (Container No. 2) 

Back Half Sample Fractions 
• XAD-2 Module (Container No. 3) 
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• Back Half Acetone/Methylene Chloride Reagent Rinses (Container No. 4) 
• Impingers Water Contents (Container No. 5) 
• Impingers Acetone/Methylene Chloride Reagent Rinses (Container No. 6) 

The fractions corresponding to .the front halfofthe sampling train, which are the particulate filter 
(Container No. 1) and the front half rinses (Container No. 2), will be extracted, combined, and 
cleaned for analysis using HRGC/HRMS. 

The fractions corresponding to the back halfof the sampling train, which are the XAD-2 resin 
module (Container No. 3), back halfrinses (Container No. 4), and the impingers water and rinses 
(Containers Nos. 5 and 6, respectively) will be extracted, combined, and cleaned for a separate 
analysis using HRGCIHRMS. 

11.1 Front Half Sample Extraction 

The front half consists of the particulate filter and the front half rinses. The front 
half rinses are filtered to remove any particulate; the filter is combined with the 
particulate filter (Container No. 1 ), and both extracted together using the Soxhlet 
technique. 

11.1.1 Front Half Acetone/Methylene Chloride Rinses (Container No. 2) 

11.1.1.1 � The front halfrinse ( Container No. 2) may contain particulate 
material which has been removed from the probe. To separate 
particulate matter from the :iront half rinse, filter the front half 
rinse. To avoid introducing any contamination, use the same 
type of filter which has been used in the sampling train, from . 
the same lot as the filter in the train. Pour the front half rinse 
through the filter then rinse Container No. 2 three times with 
10-mL aliquots ofmethylene chloride, and filter the methylene 
chloride rinses. 

11.1.1.2 � With ~e filtrate, proceed to Section 11.2 for water removal. 

11.1.1.3 � With the filter, proceed to Section 11.1.2.2 for Soxhlet 
extraction. 

11 .1.2 Particulate Matter Filter (Container No. 1) 

11.1.2.1 � Using clean forceps, place 10 boiling chips into the bottom of 
the round bottom flask of the Soxhlet extractor and connect the 
Soxhlet extractor to the rou:id bo':!:>m flask. 
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11.1.2.2 � Using clean forceps, place the filter containing tbe particulate 
from Section 11.1.1.3 into a glass thimble, or plac~ thr tlter or; 
a plug ofpre-clean glass wool. 

11.1.2'.3. · Using clean forceps, place the particulate matter filter 
·· (Container No. 1) into the glass thimble or on the plug of pre

cleaned glass wool from Section 11.1.2.2. 

11.1.2.4 � Using a clean syringe or volumetric pipet, add a 1-mL aliquot 
ofthe internal standard spiking solution to the filter. If a 
laboratory spike sample is being prepared (Section 9.2.4), the 
PAR spiking solution will be added at this time. Add 1 mL of 
spiking solution uniformly onto the particulate-coated surface 
ofthe filter in the extractor by spotting small volumes at 
multiple filter locations, using a syringe. Repeat fue spiking 
process with matrix spike solution, if these solutic:is are being 
used. Place a piece ofpre-cleaned glass wool on top of the 
spiked filter in the extractor to keep the filters in place. Rinse 
the filter container three times with methylene chloride and add 
the rinses to the Soxhlet extractor. 

11.1.2.5 � Slowly add methylene chloride to the Soxhlet extractor 
containing the two filters through the Soxhlet (with condenser 
removed), allowing the Soxhlet to cycle. Add sufficient 
solvent to fill the round bottom fl.ask approximately more than 
half full and submerge the filters. 

11.1.2.6 � Place a heating mantle under the round bottom fl.ask and 
connect the upper joint of the Soxhlet to a condenser, making 
sure th.at the coolant is fl.owing through the condenser. 

11.1.2.7 � Allow the sample to extract for, at least, 12 hours bu,_t not mor~ 
than 2.4 hours, adjusting the mantle temperature for cycling 
(flushing solvent from the Soxhlet into the round bottom flask) 
approximately once every 30 minutes. 

11.1.2.8 � After cooling, disconnect the extractor from the condenser. 
Tilt the Soxhlet slightly until the remaining solvent has drained 
into the round bottom flask. 

11.1.2.9 � Transfer the extract from the round bottom flask into a clean 
500-m.L amber glass.bottle with PTFE-lined screw cap. Rinse 
the round bottom fl.ask three times with approximately 10-mL 
aliquots ofmethylene chloride and transfer the rinses to the 
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amber bottle. Store the filter extract at s0°C until the 
preparation of the filtered front half rinse has been completed. 

11.1.2.10 Archive the extracted filters at s4°C until the GCIHR.MS 
· . · analysis is completed. 

11.2 Front HalfSample Water Removal 

Water is removed from the front halfrinses and the particulate filter extract using 
sodium sulfate. During the drying procedure, the extracts are combined into a 
Kudema-Danish setup. 

11.2.1 � Front HalfAcetone/Methylene Chloride Rinses Filtrate (See Section 
11.1.1.2) 

11.2.1.1 � Because the front halfrinse sample consists of a mixture of 
acetone and methylene chloride and the rinse may also contain 
water, the water needs to be removed from the organic solvent 
before combining with the filter extract. Add 20 g of sodium 
sulfate (Na,SOJ to the rinse and allow to set for 10 minutes. 

11.2.1.2 � Using a clean pair of forceps, place a small portion of 
precleaned glass wool in the bottom ofa glass funnel and pour 
a 2.45-m (1-in.) layer ofN~S04 on top of the glass wool. 

11.2.1.3 � Rinse the Na,S04 contained in the funnel three times with 
methylene chloride; discard the rinses. Support the funnel in a 
ring of clamp above the receiving contaii:er to prevent tipping. 

11.2.1.4 � Place the funnel into a clean KD concentrator, consisting of a 
20 mL concentrator tube connected to a 500 mL evaporative 
flask. . Slowly pour the extract from the dried front half rinse 
through the NazS04• Rinse the container containing the 
cxtract/N ~SO" three times, using approximately 10 mL of 
methylene chloride each time. Add rinses to the funnel. Rinse 
the N~SO, with approximately 5 mL ofmethylene chloride to 
complete the transfer. 

NOTE: �During this process, monitor the condition ofNa,SO, 
to determine that the bed ofNazSO, is not solidifying and 
exceeding its drying capacity. If the N~SO, bed can be stirred 
and i~ !"1311 fT.,.,._flnu,iT'J.o, ~ffrt:".tive n:Hlisture removal from the 
extracts is occurring. If the NazSO, bed is solidified, repeat 
Steps 11.2.1.1 10 11.2.1.3 to make a new drying funnel, and 
contin!le d.Iying the e::macts. 
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11.2.1.5 � If the volume of the extract is greater than 500 mL, c0lle::t tb-:> 
remaining dried sample extract into a cle~ amber bott!~ for 
subsequent concentration using the same K-D setup. 

11.2.1'.6' Reduce the volume of the extract to <10 mL folloVllllg the 
·· procedures described in Section 11.3. 

11.2.2 Particulate Filter Extract (See Section 11.1.2.9) · 

11.2.2.1 � Prepare a N~S04 drying funnel, as described in Sections 
11.2.1.2 and 11.2.1.3. 

11.2.2.2 � Place the r.mnel exit into the same 500 mL evaporative flask 
described in Section 11.2.1.4. Slowly pour the ex!ract from 
the dried front half rinse through the N~S04• Rinse the 
container containing the extract/N~S04 tb:"ee times, using 
approximately 10 mL ofmethylene chloride each time. Add 
rinses to the funnel. Rinse the N~S04 with approximately 
5 mL ofmethylene chloride to complete the transfer. 

Note: Monitor the condition of the N~S04 as noted in Section 
11.2.1.4. 

11.2.2.3 � If the volume of the extract is greater than 500 mL, follow the 
procedures in Sections 11.2.1.5 and 11.2.1.6. 

11.2.2.4 � Proceed to Section 11.3. 

11.3 Frunt Half Combined Filter Extract and Front HalfRinse Sample Reduction 

The combined particulate filter extract and front halfrinse sample is reduced in 
volume using a macro and micro Kuderna-Danish (K-D) apparatus, and half cf r.i1;;: 
total e:'l{tract is archived..The otber halfof the total extract is cleaned according to 
th: procedures described in Section 11.4. 

11.3.1 Using a clean pair of forceps, place five boiling chips into the 
concentrator tube. Attach a three-ball macro Snyder column to the K-D 
concentrator with clips or springs. Prewet the Snyder column by adding 
about 1 mL ofmethylene chloride to the top. Attach the solvent vapor 
recovery glassware ( condenser and collection device) to the Snyder 
column of the K-D apparatus. Place the K-D apparatus on a hot water 
bath (70-75°C) to remove methylene chloride; then to 80-85°C to 
remove acetone. Adjust the vertical position of the apparatus and the 
water temperature as required to ce>mplete the concentration in 20 to 30 
minutes. Rinse sides of the K-D apparatus during concentration with a 
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small volume ofmethylene chloride. "When the apparent volume of the 
liquid reaches 6-8 mL, remove the K-D apparatus from the water bath and 
allow the apparatus to cool and drain for at least 5 minutes If the volume 
of extract to be concentrated is greater than 500 mL, repeat the 
concentration as many times as required using the same 500-mL 
evaporative flask and systematically add remaining extract (allow to cool 
slightly before addition ofmore extract). Ifrepeated concentrations are 
performed, add two new boiling chips each time. 

NOTE: �Never let the extract in the concentrator tube go to dryness even 
though additional solvent is present in the upper portion of the K-D 
~aratus. � 

11.3.2 � Remove the Snyder column and evaporative flask. With a clean pair of 
forceps, add two new boiling chips to the concentrator tube. Attach a 
micro Snyder column to the concentrator tube. Attach the solvent vapor 
recovery glassware (condenser and collection device) to the Snyder 
column of the K-D apparatus. Prewet the Snyder column with about 0.5 
mL ofmethylene chloride. Place the K-D apparatus on the hot water bath 
so that the concentrator tube is partially immersed in the hot waterL while 
supporting the tube with a clamp or by gloved hands. When the apparent 
volume of the liquid reaches 4-5 mL, remove the K-D apparatus from the 
water bath and allow the apparatus to cool and drain for at least 
5 minutes. If the volume is greater than 10 mL, add a new boiling chip to 
the concentrator tube, prewet the Snyder column, and concentrate again 
on the hot water bath. Remove any moisture from the outside of the 
concentrator tube. 

11.3.3 � Transfer the extract to a calibrated vial or a volumetric flask, rinse 
concentrator tube with a minimum volume ofmethylene chloride and add 
rinses to the vial, and add methylene chloride, if necessary, to attain a 
final volume of 10 mL. 

11.3.4 � Transfer 5.0 mL of the extract to a 10-mL glass storage vial with a PTFE
lined screw cap. Label the extract as "Archived Extract ofFront Half' 
store at <0°C. Mark the liquid level on the vial with a permanent marker 
to monitor solvent evaporation during storage. 

11.3.5 � Place the remaining 5.0 mL of the extract through the sample cleanup 
procedure descnoed in Section 11.4. 

1 1 .4 'J:'""'lt Half Combined Extract Cleanup 

The un-archived portion of the front half extract is cleaned using acid and base 
partitioning, and silica gel and carbon column chromatography. 
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11.4.1 Acid and Base Partitioning 

11.4.1.1 � Prior to acid and base partitioning, conce:it:'Jte the extra:t tc 1 
mL using K-D evaporation, then add 5 mL ofhexane and 

. , concentrate to 2 mL using K-D evaporation. Dilute the extract 
.. � with 50 mL ofhexane and transfer to a clean separatory funnel. 

Spike a known amount (1 mL) ofthe surrogate standard 
spiking solution (Section 7.2.4) into the filter/front haif rxtract 

11.4.1.2 Partition the extract against SO mL of sulfuric acid (Section 
7.1.1). Shake for two minutes with periodic venting into a 
hood. Remove and discard the aqueous layer. Repea~ the acid 
washing until no color is visible in the aqueous layer; using up 
to a maximum offour washings. 

11.4.1.3 � Partition the extract against 50 mL of 5 percent NaC~ solution 
(Section 7.1.1) in the same way as with the acid. Discard the 
aqueous layer. 

11.4.1.4 � Partition the extract against 50 mL ofpotassium hydroxide 
solution (Section 7 .1.1) in the same way as with tbe acid. 
Repeat the base washing until no color is visible in the aqueous 
layer; using up to a maximum of four washings. Mirimize 
contact time between the extract and the base to prevent 
degradation of the PCBs. 

11.4.1.5 � Repeat the partitioning against the NaCl solution two more 
times, each time discarding the aqueous layer. 

11.4.1.6 � Pour the extract through a drying column containing 7 to l O cm 
ofgranular anhydrous sodium sulfate (Section 7.1.2.1). Rinse 
the separatory funnel with 30 to 50 mL ofhexane, and pour 
through the drying -column. Collect the extract in a round
bottom flask. Concentrate the hexane extract to a volume of 
4 mL for silica gel cleanup using either rotary evaporation, 
Kudcrna-Danish apparatus, or Turbovap apparatus (Sections 
11.4.1.6.1 and 11.4.1.6.3), then proceed to Section 11.4.2. 

11.4.1.6.1 Rotary Evaporation 

Note: Improper use of the rotary evaporator may 
result in contamination of the sample extract(s). 

Concentrate the extract in a round-bottom flask. 
Assemble the rotary evaporator according to 
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manufacturer's instructions, and warm the water 
bath to 45 °C. On a daily basis, preclean the 
rotary evaporator by concentrating 100 mL of 
clean extraction solvent through the system. 
Archive both the concentrated solvent and the 
solvent in the catch flask.for a contamination 
check if necessary. Between samples, use three 2
to 3-mL aliquots of solvent to rinse the feed tube 
between samples. Collect rinse in a waste beaker. 

Attach the round-bottom flask containing the 
sample extract to the rotary evaporator. Slowly 
apply vacuum to the system, and begin rotating 
the sample flask Lower the flask into the water 
bath, and adjust the speed ofrotation and the 
temp·erature as required to complete concentration 
in 15 to 20 minutes. At the proper rate of 
concentration, the flow of solvent into the 
receiving flask must be steady, with no bumping 
or visible boiling of the extract occuning. 

NOTE: If the rate of concentration is too fast, 
analyte loss may occur. 

'When the liquid in the concentration flask has 
reached an apparent volume of approximately 
2 mL, remove the flask from the water bath and 
stop the rotation. Slowly and carefully admit air 

. into the system. Be sure not to open the valve so 
quickly that the sample is blown out of the flask. 
Rinse the feed tube with approximately 2 mL of 
solvent., 

11.4.1.6.2 � Kuderna-Danish (K-D) Evaporation-Descnbed 
in Sections 11.3.1 - 11.3.2. 

11.4.1.6.3 � Turbovap Evaporation-Concentrate the extracts 
in separate 250-mL Turbotubes. The Turbovap 
technique is used for solvents such as methylene 
chloride and n-hexane. 

: :A.2 Silica Gel Cleanup 

11.4.2.1 � Place a glass-wool plug in a 15-mm ID chromatography 
column (Section 6.4.3.2). Pack the column bottom to top with 
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1 g silica gel (Section 7.1.4.1 ), 4 g basic silica gel (Section 
7.1.4.3), 1 g silica gel, 8 g acid silica gel (Section 7. l.4.2J, 2 g 
silica gel, and 4 g granular anhydrous sodium sulfate tSectiun 
7.1.2.1). Tap the column to settle the ads-:-:!"1:-"..,.:' 

11.4.2.2 � Pre-elute the column with 20 to 30 mL ofn-hexane. Discard 
the eluate. Check the column for channeling. If channei.ing is 
present, discard the column and prepare another. 

11.4.2.3 � Apply the concentrated extract (4 m.L) to the column. Open the 
stopcock until the extract is within 1 mm ofthe sodium sulfate. 
Rinse the receiver three times with 4-mL portions of n-hexane, 
and apply separately to the column. Elute the PCB ison:ers 
with 75 mL ofn-hexane and collect the eluate. 

11.4.2.4 � Concentrate the eluate to 1 mL per Section 11.3.2, then proceed 
to carbon column cleanup (Section 11.4.3). 

11.4.3 Carbon Column 

11.4.3.1 � Cut both ends from a 25-m.L disposable serological pipet 
(Section 6.4.2.2) to produce a 20-cm column. Fire-polish both 
ends and flare both ends ifdesired. Insert a glass-wool plug at 
one end; and pack the column with 3.6 g of Carbopak/Celite 
(Section 7.1.4.4) to form an adsorbent bed. Insert a glass-wool 
plug on top of the bed to hold the adsorbent in place. 

11.4.3.2 � Pre-elute the column with 20 mL each in succession of toluene, 
methylene chloride and n-hexane. When the solvent is "'ithir. l 
mm ofthe column packing, apply then-hexane sample extract 
to the column. Rinse the sample container twice with 1-mL 
portions ofn-hexane and apply separately to the column. Appl:,
2 mL ofn-hexane to complete the transfer. 

11.4.3.3 � Elute the column with 25 mL ofn-hexane and collect the 
eluate. This fraction will contain the mono- and di-ortho PCBs. 

11.4.3.4 � Elute the column with 15 mL ofmethanol; collect and archive 
this fraction. This fraction contains potential interferents. If 
the recovery of labeled compounds is very low, this fraction 
can be analyzed in order to potentially ascertain where losses 
occurred. 

11.4.3.5 � Elute the column with 15 mL oftoluene; collect the eluate. 
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11.4.3.6 � Filter the combined hexane and toluene fractions if evidence of 
carbon particles from the chromatography column is seen. 

11.4.3.7 � Concentrate the hexane and toluene fractions to a final volume 
of 1 mL using rotary, KD, and/or Turbovap (Section 11.4.1.6) 

~· evaporation techniques. 

11.5 Front Half Combined Sample Concentration to Final Volume 

The extract is concentrated to final volume, and the recovery standards are added. 

11.5.1 The extract is concentrated in a cahorated microtube to a final volume of 
20 µL to 1 mL, per the analyst's discretion, under a gentle stream of 
nitrogen. 

11.5.2 � Add 10 µL of the appropriate recovery standard solution (Section 7.2.5) 
to the sample extract. 

11.5.3 � Proceed to Section 11.11 for HRGC/HRMS analysis. 

11.6 Back HalfSample Extraction 

The back half consists of the XAD-2 module, the back half and impinger 
acetone/methylene chloride rinses, and the impinger water. The XAD-2 module 
is extracted using the Soxhlet technique, and the impinger water may be extracted 
using the solid phase extraction (SPE) technique. The back half and impinger 
acetone/methylene chloride rinses are not extracted, but combined during the 
drying process in Section 11. 7. 

11.6.1 � XAD-2 Module (Container No. 3) 

11.6.1.1 � Using clean forceps, place 10 boiling chips in the bottom of the 
roundflask of the Soxhlet extractor and connect the Soxhlet 
extractor to the round bottom flask. 

11.6.1.2 � Place a piece ofpre-cleaned glass wool in the bottom and the 
side-arm of the Soxhlet extractor. Transfer the XAD-2 resin 
directly to the Soxhlet extractor and place on the top of the 
glass wool To remove the XAD-2 resin from the sampling 
module, remove the glass wool from the end of the XAD-2 
sampling module, and place this glass wool in the extractor. If 
the XAD-2 resin is wet and difficult to transfer, follow the 
procedure described in Section 7.4.2.2 ofMethod 3542. Rinse 
the ground glass stoppers with methylene chloride and add the 
rinse to the round bottom flask of the Soxhlet extractor. After 
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transferring the XAD-2 resin to the extractor, rir~c :t~ XAD-'." 
module thoroughly into the extractor using a teflm1 wash bottle 
containing methylene chloride. 

·• · · · NOTE: Under no circumstances should methanol or acetone 
·· be used to transfer the XAD-2 resin. 

11.6.1.3 � With the XAD-2 resin in the Soxhlet extractor and glass woo1 
on top of the XAD-2 resin, use a clean syringe or volumetric 
pipct to add a 1-mL aliquot of the internal standard spiking 
solution (Section 7.2.3.2) to the XAD-2 resin. Be sure that the 
needle of the syringe penetrates the XAD-2 resin bed to a. depth 
ofat least 1.27 cm (0.5 in.). If a laboratory QC Saillple is being 
prepared (Section 9.2.4), the XAD-2 resin should be spiktd 
with the PAR spiking solution at this time. 

11.6.1.4 � Pour approximately 300-400 mL ofmethylene chloride through 
the XAD-2 bed so that the round bottom flask is approximately 
half-full and the XAD-2 bed is covered. 

11.6.1.5 � Place a heating mantle under the round bottom flask and 
connect the upper joint ofthe Soxh.let extractor to a condenser. 

NOTE: Start the extraction process immediately after spiking 
is completed to ensure that no volatilization of organic 
compounds from the resin or any spiking solutions occurs 
before the extraction process is started. 

11.6.1.6 � Allow the sample to extract for at least 16 hours but not more 
than 24 hours, cycling once every 25-30 minutes. 

NOTE: Be sure that cooling water for the condensers is cold 
and circulating. Watch the extractor through two or three 
cycles to ensure that the extractor is working properly. 

11.6.1.7 � After the So:xhlet extractor has been cooled, disconnect the 
extractor from the condenser and tilt the extractor slightly until 
the remaining solvent in the So:xhlet has drained into the round 
bottom flask. 

11.6.1.8 � Inspect the contents of the round bottom flask to determine 
whether there is a visl'ble water layer on top of the methylene 
chloride. 

. -. 
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11.6.1.8.1 � Ifno water layer is observed, transfer the extract 
through a clean filter into a 500-mL amber glass 
bottle with PTFE-lined screw cap for subsequent 
combination with the back-half rinse. 

:• ~ 

11.6.1.8.2 � If a water layer is observed in the Soxhlet round 
bottom flask, transfer the contents to a separatory 
funnel through a clean filter, rinsing the rounri 
bottom flask three times ·with methylene chloride 
and adding the rinsings to the separatory funnel. 
Drain the methylene chloride from the separatory 
funnel and store in a clean amber glass bottle. 
Extract the aqueous layer using a C18 SPE column, 
as described in Section 11.6.3. 

11.6.1.9 � Archive the extracted XAD-2 resin at <4°C until the 
HRGC/HRMS analysis is completed. 

11.6.1.10 Proceed to Section 11.7.1 for water removal. 

11.6.2 � Back Half Acetone/Methylene Chloride Rinses (Container No. 4) and 
Impinger Acetone/Methylene Chloride Rinses (Container No. 6) 

The back half solvent rinses (Container No. 4) and the impinger solvent 
rinses (Container No. 6) are not extracted, but are combined during the 
water removal process, described in Section 11.7.2. 

11.6.3 � Impinger Water Contents (Container No. 5) 

11.6.3.1 � Extract the impinger water using solid phase extraction (SPE). 
Prepare the SPE cartridge by placing the SPE cartridge in a 
vacuum mariifold. Condition the-cartridge with 15-mL aliquots 
ofmethylene chloride, methanol, and deionized water. Do not 
allow the cartridge to go dry from this point until the extraction 
is compl~ed. 

11.6.3.2 � Allow the aqueous sample to equilibrate for approximately 30 
minutes to settle the suspended particles, ifpresent. Allow the 
sample to be pulled through the SPE cartridge. Adjust the 
vacuum to complete the extraction in no less than 15 minutes. 
An additional SPE cartridge may be used if clogging prevents 
sufficient sample throughput. 
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Before all of the sample has been pulled through the cartridge, 
add approximately 20 mL ofreagent wate! tot} ..=; ::;~i..:-,ic bo,Lle, 
swirl to suspend the solids (if present), an1 pour int'J tb~ 
second reservoir. Pull the remaining samp1~ through the SPE 

, cartridge. Use additional reagent HPLC w~uer nm,c:) ~u.L cU, 
solids are removed. 

-
Before all ofthe sample and rinses have been pulled through 
the cartridge, rinse the sides of the reservoir with small portions 
ofreagent HPLC water. Dry the cartridges under vacuurn for 2 
hours. 

11.6.3.3 � Release the vacuum, remove the reservoir from the vacuum 
manifold, and discard the extracted aqueous solution. Insert a 
clean vial for eluant collection into the manifold. Each vial 
should have sufficient capacity to contain the totai volume of 
the elution solvent (approximately 12 mL) and should fit 
around the drip tip, The drip tip should prntrude into the vial to 
preclude loss of sample from spattering when vacuum is 
applied. Reassemble the vacuum manifold. 

11.6.3.4 Wet each cartridge with 6 mL of acetone. Allow the solvent to 
soak the C11 beads 15-20 seconds. Pull all of the solvent 
through the cartridges into the vials. Wet each cartridge with 
6 mL ofmethylene chloride. Allow the solvent to soak the C18 

beads 15-20 seconds. Pull all ofthe solvent through the 
cartridge into the vial. 

Release th~ vacuum, remove the vial containing the sample 
solution. Add 10 g ofNazS04 to the extract; allow the extract 
to set for 10 minutes; then filter the extract. 

···11.6.3.S Proc~d to Section 11.7.2 forbackhalfwaterremoval .. 

11.7 Back Half Sample Water Removal 

Water is removed from the XAD-2 extra.ct, the back halfand impinger solvent 
rinses, and the impinger water extract using sodium sulfate. During the drying 
procedure, the extracts are combined into a Kuderna-Danish setup. 

11.7.1 XAD-2 Extract (See Section 11.6.LlO) 

11.7.1.1 Prepare a NazS04 funnel, as described in Sections 11.2.1.2
11.2.1.3. 
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11.7 .1.2 Place the funnel exit into a clean KD concentrator consisting of 
a 20 mL concentrator tube connected to a 500 mL evaporative 
flask. Slowly pour the XAD-2 extract through the N~S04• 

Rinse the container containing the extract/N~S04 three times, 
. �using approximately 10 mL ofmethylene chloride each time. 

Add rinses to the funnel. Rinse the N~S04 with approximately 
5 mL ofmethylene chloride to complete the transfer. 

Note: Monitor the condition of the N~S04 as noted in Section 
11.2.1.4. 

11.7.1.3 � Reduce volume of extract to <10 mL, following the K-D 
concentration proc~ures descnoed in Sections 11.3.1 and 
11.3.2. 

11.7.2 Back Halfand Impinger Solvent Rinses, and Impinger Water Combined 
Extract 

11.7.2.1 Prepare a N ~S04 funnel, as descril?ed in Sections 11.2.1.2-. 
11.2.1.3. 

11.7.2.2 Place the funnel into the same 500 mL evaporative flask 
described in Section 11.7.1.2. 

11.7.2.3 Slowly pour the impinger water extract (Section 11.6.3 .5) 
through the N~S04 • Rinse the container containing the extract 
three times, using approximately 10 mL of methylene chloride 
each time. Add rinses to the funnel. Rinse the NaiS04 with 
approximately 5 mL ofmethylene chloride to complete the 
transfer. · 

Note: Monitor the condition of the NaiS04 as noted in Section 
11.2.1.4. . 

11.7.2.4 Slowly pour the combined back half and impinger solvent 
rinses (Section 11.6.2) through the NaiS04• Rinse the 
containers containing the rinses three times, using 
approximately 10 mL ofmethylene chloride each time. Add 
rinses to the funnel. Rinse the NaiS04 with approximately 5 
mL ofmethylene chloride to complete the transfer. 

Note: Monitor the condition of the N~S04 as noted in Section 
11.2.1.4. 
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11.7.2.5 � Ifthe volume ofthe extract is greater than 500 mL, follov,., the 
procedures descnoed in Sections 11.2.1.5 an.:l l 1 . .:.1.S. 

l 1.7.2.6 � Proceed to Section 11.8 for back halfsamule conce;Jtration. 

11.8 � Back HalfCombined XAD-2 Extract, Back Half and Impinger Solvent Rin.c:es, 
and Impinger Water Extract Sample Reduction. 

The combined XAD-2 extract, back half and impinger rinses, and impinger water 
extract sample is reduced in volume using macro and micro KuJema-Danish (K
D) apparatus, and halfof the total extract is archived. The other half of the total 
extract is cleaned according to the procedures described in Section 11.9. 

11.8.1 � Follow the concentration procedures described iL Sections 11.3.1 and 
11.3.2. 

11.8.2 � Transfer the combined, concentrated extract to a calibrated vial or :i 

volumetric flask, rinse the concentrator tube with a minimum volume cf 
methylene chloride and add rinses to the vial, and add methylene 
chloride, if necessary, to attain a final volume oflO mL. 

11.8.3 � Transfer 5.0 mL ofthe extract to a 10-mL glass storage vial with a PTFE
lined screw cap. Label the· extract as "Archived Extract ofBar:k Half', 
store at <0°C. Mark the liquid level on the vial with a permanent marker 
to monitor solvent evaporation during storage. 

11.8.4 � Place the remaining 5.0 mL ofthe extract through the sample cleanup 
procedure described in Section 11.9. 

11.9 � Back HalfCombined Sample Cleanup 

The un-archived portion of the back half extract is cleaned using acid and base 
partitioning, and silica g~l and carbon column chromatography. 

11.9.1 � Acid and Base Partitioning (see Section 11.4.1) 

11.9.2 � Silica Gel Column Chromatography (follow procedure described in 
Section 11.4.2) 

11.9.3 � Carbon Column Chromatography (follow procedure described in Section 
11.4.3) 

11.10 � Back Half Combined Sample Concentration to Final Volume 

The extract is concentrated to final volume, and the recovery standards are added. 
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11.10.1 � The extract is concentrated in a calibrated microtube to a final volume of 
20 µL to 1 mL, per the analyst's discretion, under a gentle stream of 
nitrogen. 

11.10.2 � Add 'lO·µL of the appropriate recovery standard solution (Section 7.2.5) 
to the sample extract. 

11.10.3 � Proceed to Section 11.11 forHRGC/HRMS analysis. 

11.11 HRGC/HR.MS Sample Analysis 

The operation of the HR.GC/HRMS instrumentation is verified, and the separate 
front half and back half extracts are analyzed. 

11.11.1 � Establish the operating conditions given in Section 10 .1, perform initial 
calibration ifnecessary (Section 10.2)~ or verify calibration (Section 
10.3). 

11.11.2 � If an extract is to be reanalyzed and evaporation has occurred, do not add 
more recovery standard solution. Rather, bring the extract back to its 
previous volume (e.g., 19 µL, or 18 µL if2 µL injections are used) with 
pure nonane. 

11.11.3 � Inject 1.0 or 2.0 µL of the concentrated extract containing the recovery 
standard solution, using on-column or splitless injection. The volume 
injected must be identical to the volume used for calibration (Section 
10.1.3.1). Start the HRGC column initial isothermal hold upon 
injection. Start HRMS data collection after the solvent peak elutes. 
Stop data collection after the 13C12-PCB 209 has eluted. Return the 
column to the initial temperature for analysis of the next extract or 
standard. 

12.0 DATA ANALYSIS AND CALCULATIONS 

12.1 - Qualitative Determination 

A PCB or labeled compound is identified in a standard, blank, or sample when all 
of the criteria in Sections 12.1.1 through 12.1.4 are met. If the criteria for 
identification in Sections 12.1.1-12.1.4 are not met, the PCB analyte has not been 
positively identified. If interferences preclude identification, an estimated 

,v;..... ,, ..... possible con~·· .. - .: - - 11:"'"ll lTl,..\ c ..,..., ""' _,........, ...e..3 'Secti·or. 1" " C\ "'I"�w~l,,,L,L,U, ...,...,u~4.h, • ....,...., \ ......... .....: ._,J ....,&.,I,._ J -'-r"""'. L \. . . .... - l"~·J ~·. �

options for further cleanup can be explored depending on specific ·project 
requirements. 
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12.1.1 � The signals for the two exact m/z's in Table 6 must be present and must 
maximize within the same two seconds. 

12.1.2 � The signal-to-noise ratio (SIN) for the GC peak at each exact rrJz must 
be greater than or equal to 2.5 for each PCB analyte detected ma san:p1e 
extract and greater than or equal to 10 for all PCB analytes in the 
calibration standard (Section 7 .2.6). 

12.1.3 � The ratio ofthe integrated areas ofthe two exact m/z's specified in 
Table 6 must be within the limit in Table 7, or within ±10 percent of the 
ratio in the midpoint (CS3) calibration or calibration verification (VER), 
whichever is most recent. 

12.1.4 � The relative retention time of the pt:ak for a toxic PCB analyte must be 
within ±15 seconds of the retention times obtained during calibration. 

12.2 -- Quantitative Determination 

12.2.1 � For gas chromatographic peaks that have met the criteria outlined in 
Section 12.1, calculate the concentration of the PCB compounds in the 
extract, using the formula: 

/4:x Q"C = ------=~-=-
z /4,xRFnxW.r 

where: 

Cz • conuntration ofunlabekd PCB congeners in the front halfor back 
halfextract (pgldscm), 

Az • sum ofthe integrated ion abundances ofthe quantitation ions (Tabies 
2, 3 and 6) for unla/Jeled PCBs, 

• sum ofthe integrated ion abundances ofthe quantitation ions (Tables A0 
2, 3 ti11d 6) for the labekd internal stti11dards, 

Q. � • qu1111tity, in pg, ofthe intenulJ standard added to the sample before 
atrllClion, 

RF. • calculated mean rdadYe response factor for the analyte ( RF_ with n=1 
to 13; s«tion 10.2.1), �

W, • w,lu,ne ofair sampkd (bcm). �

12.2.2 � Concentration in Emission Sample 

The total concentration ofa native -PCB analyte in an emission sample is 
computed by summing the concentration ofthe front half and the back 
half, as follows: 

. ' 
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Concentration in odmlm 1ample ~diem) = c.,. + CM 
where: 

c.,. = Concentration of the compound in the frorrt half (pgltbcm), caJculated per Section 12.2.1. 
C611 = Concentration of the C01IIJX1IINl in the back half (pg/diem), caladated per Section 12.2.1. 

.. 
12.2.3 � Calculate the percent recovery of the internal standards measured in the 

sample extract, using the formula: 

Au X Qn . 
Percent recovery = ----~- x 100 

Q11 x An xRF1s 

where: 

A,, • � swn ofthe integr11Ud ion abundances ofthe fUIUltitation ions (Tables 
2, 3 and 6) for the labdd internal standard, 

An � • sum ofthe inugr11Ud ion abundances ofthe fUantitation ions (Tables 
2, 3 and 6) for the labeled recovery standard, 

Q,, • quantity, in pg, ofthe internal standard added to the sampk before 
o:traction, 

Qn • quantity, in pg, ofthe reco11ery standard added to the cleaJted-up 
sample residue before HR.GCIHRMS analysis, and 

RF. • calculated mean relam,e response factor for the labeled internal 
standard r~e to the appropriate recovery standard. This represents 
the mean obtained in Section I 0.2.2 ( RF,, with is-= J ,I to :3, Tabk 3). 

Calculate the percent recovery of the cleanup standard similarly. The 
percent recovery should meet the criteria shown in Table 5. If recoveries 
are outside the limits ofTable 5, the data should be flagged and the 
impact on reported results discussed in the final report. 

12.2.4 � Outside Calibration Range 

12.2.4.1 � If the SICP area at either quantitation m/z for any compound 
exceeds the calibration range of the system, the extract must be 
diluted and re-analyzed. . 

12.2.4.2 Dilute the sample extract by a factor of 10, adjust the 
concentration of the recovery standard to 100 pg/µL in the 
extract, and analyze an aliquot of this diluted extract 
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12.2.5 Estimated Detection Limit (EDL) 

where: 

Bl, t111d B2, • heights ofthe noise where the primary t111d .;econdary m/z's/or 
the PCBs would elute, 

Bl,, and H211 • heights ofthe response ofthe primary and SP-corulary :nl:'sfor 
tJu Internal stt111dard, 

And Q., RFa, and W. are a.s described in Section 12.2.1. 

12.2.6 � Estimated Maximum PosSI'ble Concentration (EMPC) 

When the response ofa signal having the same retention time as a toxic 
PCB congener has a SIN in excess of2.5 but does nl)t meet all of the 
oth~ qualitative identification criteria listed in Section 12.1 calculate the 
Estimated Maximum PosSI'ble Concentration (EMPC). F.MPC is 
calculated using the expressions in Section 12.2.1, except that~ should 
represent the sum of the area under the smaller peak and of the other 
peak area calculated using the theoretic~ chlorine isotope ratio. Toe 
value shall be noted as EMPC and the results reported. 

12.2.7 � Reporting Units and Levels 

Results are reported ~o three significant figures for the PCBs and labeled 
compounds found in all standards, blanks, and samples. 

12.2.7.1 �Air Emission Samples-Analytical results are reported i.r: 
pg/FH or BH fraction, and are not to be corrected for field,
reagent, or laboratory method blanks. 

12.2.7.2 Train orProofBlanks-,-Results are reported in pg/FH or BH 
fraction, and are not to be corrected for field, reagent, or 
laboratory method blanks. 

12.2.7.3 Dilutions (Section 12.2.4.2) 

Results for PCBs in samples that have been diluted: for this 
EPA project, both the undiluted and diluted PCB results are to 
be reported, whether or not all ofthe analytes are within the 
calibration range. 
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12.2.7.4 Non-Detects 

. 
Note the non-detected PCBs as ND and report the estimated 
detection limit established during the analysis. 

13.0 :METHOD PERFORMANCE 

13.1 In a limited single laboratory demonstration of this method using simulated 
emission samples, estimated detection limits ofapproximately 75 pg/sample were 
achieved for pentachlorinated biphenyl (PeCB); 5 pg/sample for hexachlorinated 
biphenyl (HxCB); and 25 pg/sample for heptachlorinated biphenyl (HpCB). 

13.2 Inter laboratory testing of this method to determine overall precision and bias has 
not been performed. 

14.0 POLLUTION PREVENTION 

This method uses solid phase extraction (SPE) techniques for the extraction ofPCBs 
from liquid matrices. SPE uses much less solveiit, than traditional liquid-liquid 
extraction techniques. 

15.0 WASTE MANAGE:MENT 

PCB waste should be disposed of according to Toxic Substances Control Act (TSCA) 
guidelines 40CFR 700-789, and bazar.dous waste should be disposed of according to 
Resource Conservation and Recovery Act (RCRA) guidelines 40CFR 260-269. 
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17.0 � TABLESANDFIGURES 

Table 1. � Toxic Polychlorinated Biphenyls Determined by High Resolution Gas 
Chromatography (HRGC)/High Resolution Mass Spectrometry (HR.MS) 

Native compound 
PCB1 CAS Registry No. 

Target Analytes 
3,3',4,4'-TCB 32598-13-3 �
-2,3,3',4,4'-PcCB 32598-14-4 �
2,3,4,4',5-PcCB 74472-37-0 �
2,3',4,4',5-PeCB 31508-00-6 �
2',3,4,4',5-PcCB 65510-44-3 �
3,3',4,4',5-PcCB 57465-28-8 �
2,3,3 ',4,4' ,5-HxCB 38380-08-4 �
2,3,3',4,4',5'-HxCB 69782-90-7 �
2,3',4,4',5,5'-HxCB 52663-72-6 �
3,3',4,4',5,5'-HxCB 32774-16-6 �
2,2',3,3',4,4',5-HpCB 35065-30-6 �
2,2',3,4,4',5,5'-HpCB 35065-29-3 �
2,3,3 ',4,4 ',5,5'-HpCB � 39635-31-9 
Internal Standards 
3,3',4,4'-TCB 160901-67-7 �
2,3,3',4,4'-PeCB 160901-70-2 �
2,3,4,4',5-PeCB 160901-72-4 �
2,3',4,4',5-PeCB 160901-73-5 �
2',3,4,4',5-PeCB 160901-74-6 �
3,3',4,4',5-PeCB 160901-75-7 �
2,3,3',4,4',5-HxCB 160901-77-9 �
2,3,3',4,4',5'-HxCB 160901-78-0 �
2,3 ',4,4',5,5'-HxCB 161627-18-5 �
3,J',4,4',5,5'-HxCB 160901-79-1 �
2,2',3,3',4,4',5-HpCB 160901. 80-4 �
2,2',3,4,4',5,5'-HpCB 160901-82-6 �
2,3,3',4,4',5,5'-HpCB 160901-83-7 �
Su"ogate Standards 
13C12-3,4,4',5-TCB 160901-68-8 �
13Cu-2,3,3',5,5'-PeCB 160901-71-3 �
Reco,•ery Standards 
13C12-2,2' ,5 ,5'-TCB 160901-66-6 �
13C12-2,2',4,4,5'-PeCB 160901-69-9 �
13C12-2,2',3,4,4',5'-HxCB 160901-76-8 �
13C12-2,2',3,3',5,5',6-HpCB 160901-81-5 �
Final Eluter Standard 
13Cu-DCB � 160901-84-8 

1 'Pnlvr.hlririnated biphenyls: 
TCB = Tetrachlorobiphenyl 
PcCB = Pentachlorobiphenyl 
HxCB = Hcxachlorobiphenyl 
HpCB = Heptachlorobiphenyl 
DCB = Decachlorobiphenyl 

2 Suffix "L" designates a labeled compound. 
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IlJPAC �
No.1 �

77 
105 
114 
118 
123 
126 
156 
157 
167 
169 
170 
180 
189 

77L 
105L 
114L 
118L 
123L 
126L 
156L 
157L 
167L 
169L 
170L 
180L 
189L 

81 
111 

52 
101 
138 
178 

209 



Table 2. Retention Time (RT) References, Quantitation References, and Retention Times 
(RTs) for the Toxic PCBs 

:1u-i-AC . i"~iA~ Retention fune anci ...., .... 
..No.1 PCB congener 

: ~ No.1 guantitation reference {min} 

S2L 13Cl2-2,2',5,5'-TCB J 13Cl2-2,2',5,5'-TCB 28.66 
81L 13Cl2-3,4,4',5-TCB' 52L 13Cl2-2,2',5,5'-TCB 37.89 
77L 13Cl2-3,3',4,4'-TCB 52L 13Cl2-2,2',5,5'-TCB 38.85 
77 313'z414'-TCB 77L 13Cl2-313'z4,4'-TCB 38.85 
101L 13C12-2,2',4,5,5'-PeCB 13C12-2,2',4,5,5'-PeCB 35.02 
lllL 13C12-2,3,3',5,5'-PeCB' lOlL 13C12-2,2',4,5,5'-PeCB 37.13 
123 2',3,4,4',5-PeCB 118L 13C12-2,3',4,4',5-PeCB 39.90 
118L 13Cl2-2,3',4,4',5-PeCB 101L 13Cl2-2,2',4,5,5'-PeCB 40.17 
118 2,3',4,4',5-PeCB 118L 13C12-2,3',4,4',5-PeCB 40.17 
114 2,3,4,4' ,5-PeCB 105L 13C12-2,3,3',4,4'-PeCB 40.79 
10SL 13Cl2-2,3,3',4,4'-PeCB lOlL 13Cl2-2,2',4,5,5'-PeCB 42.22 
105 2,3,3',4,4'-PeCB 105L 13C12-2,3,3',4;4'-PeCB 42.22 
126L 13Cl2-3,3',4,4',5-PeCB lOlL 13C12-2,2',4,5,5'-PeCB 44.75 
126 3',4,4'15-PeCB 126L 13Cl2-3 3',4,4' 5-PeCB 44.7531 1 1

138L 13Cl2-2,2',3,4,4',5'-HxCB 13C12-2,2',4,5,5'-PeCB 43.23 
l67L 13Cl2-1,3',4,4',5,5'-HxCB 138L 13C12-2,2',3,4,4',5'-HxCB 45.72 
167 2,3',4,4',5,5'-HxCB 167L · 13C12-2,3',4,4',5,5'-HxCB 45.72 
156L 13Cl2-2,3,3',4,4',5-HxCB 138L 13C12-2,2',3,4,4',5'-HxCB 47.37 
157L 13C12-2,3,3',4,4',5'-HxCB 138L 13C12-2,2',3,4,4',5'-HxCB 47.79 
156 2,3,3',4,4',5-HxCB 156L 13C12-2,3,3',4,4',5-HxCB 47.37 
157 2,3,3',4,4',5'-HxCB 157L 13C12-2,3,3',4,4' ,5'-HxCB 47.79 
169L 13C12-3,3',4,4',5,5'-HxCB 1381 13Cl2-2,2',3,4,4',5'-HxCB 50.25 
169 3,3'z414'1515'-HxCB 1691 13C12-313'1414'1515'-HxCB 50.25 
178L 13C12-2,2',3,3',5,5',6-HpCB 13C12-2,2',4,5,5'-PeCB 42.88 
180L 13Cl2-2,2',3,4,4',5,5'-HpCB 178L 13C12-2,2',3,3',5,5',6-HpCB 47.88 
180 2,2',3,4,4',5,5'-HpCB 180L 13C12-2,2',3,4,4',5,5'-HpCB 47.88 
170 2,2',3,3',4,4',5-HpCB 180L 13C12-2,2',3,4,4',5,5'-HpCB 49.90 
189L 13Cl2-2,3,3',4,4',5,5'-HpCB .178L 13C12-2,2',3,3',5,5',6-HpCB 52.56 
189 2,3,3',4,4',5,5'-HpCB 189L 13C12-2,3,3',4,4',5,5'-HpCB 52.56 
209L J3C12-DCB5 178L nc12-2 2' 3,3'.5.5',6-HpCB 56,61 

1 Suffix "L" indicates labeled compound. 
2 Retention time data are for IIT-8 column (per manufacturer). 
3 Absolute recovery standards. 
' Surrogate standard. 
' Final eluter. 

., ·' 
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Table 3. Concentrations ofStock and Spiking Solutions Containing the Native PCBs and 

1 

' 
3 

' 

' 
6 

Labeled· Compounds 

Spiking Spiking 
m/z Stock3 So1ution2 Level 

Cpd. No. Compound type (ng/mL) (ng/mL) (ng) 

Precision ar.,d Recovery 
Standards1 

1 3,3',4,4'-TCB 77 20 0.8 0.8 
2 2,3,3',4,4'-PeCB 105 1000 40 40 
3 2,3,4,4',5-PeCB 114 1000 40 40 
4 2,3',4,4',5-PeCB 118 1000 40 40 
5 2',3,4,4',5-PeCB 123 1000 40 40 
6 3,3',4,4',5-PcCB 126 100 4 4 
7 2,3,3' ,4,4' ,5-HxCB 156 1000 40 40 
8 2,3,3',4,4',5'-HxCB 157 1000 40 40 
9 2,3',4,4',5,5'-HxCB 167 1000 40 40 
10 3,3',4,4',5,5'-HxCB 169 200 8 8 
11 2,2' ,3,3',4,4' ,5-HpCB 170 200 8 8 
12 2,2',3,4,4',5,5'-HpCB 180 1000 40 40 
13 2,3,3',4,4',5,5'-HpCB 189 200 8 8 

- lntemal Standards' 
14 13C12-3,3',4,4'-TCB 77L 1000 2 2 
15 13Cl2-2,3,3',4,4'-PeCB 105L 1000 2 2 
16 13C12-2,3',4,4',5-PeCB 118L 1000 2 2 
17 13C12-3,3',4,4',S-PcCB 126L 1000 2 2 
18 13C12-2,3,3',4,4',5-HxCB 156L 1000 2 2 
lS 13Cl2-2,3,3',4,4',5'-HxCB 157L 1000 2 2 
20 13C12-2,3',4,4',5,5'-HxCB 167L 1000 2 2 
21 13Cl2-3,3',4,4',5,5'-HxCB 169L 1000 2 2 
22 13C 12-2,2',3,4,4',S,5'-HpCB 180L 1000 2 2 
23 13Cl2-2,3,3',4,4',5,5'-HpCB 189L 1000 2 2 

Su"ogate/Qeanup Standards' 
24 BC12-3,4,4',5-TCB 81L . 200 1.0 1.0 
25 13Cl2-2,3,3',5,5'-PeCB lllL 1000 5.0 5.0 

Recovery Standards' 
26 13Cl2-2,2',5,5'-TCB S2L 1000 200 2 
27 13C12-2,2',4,5,5'-PeCB 101L 1000 200 2 
28 13C12-2,2',3,4,4',5'-HxCB 138L 1000 200 2 
29 13C12-2,2',3,3',5,5',6-HpCB 178L 1000 200 2 

Fina!E/um 
30 I3CJ2-DCB 2091 ,ooo 8 8 

S:ction 7.2.7-preparcd in nonane and diluted to prepare spiking soltrtion. �
:- __ :.: __: '-: :.:.:, ...2.4., 7.2.5, 7.2.7-preparec1 in acetone ~om stock 1olution da11y. �
Section 7.2.1-prepared in nonane and diluted to prepare spiking solution. Concentrations are adjusted for �
expeci:ed 1::acl:groULd levels. �
~~:·ion" .2.3 2-prepared in acetone from stock solution daily. Concentrations arc adjusted for expected �
ba~kgroundlcvels. �
Se-ction 7.2.4-prepared in acetone; added to XAD-2 prior to shipment into the field; add to filter before cleanup. �
Section '7.2.5-prepared in nonane; added to concentrated extract prior to injection. �
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Table 4. Concentrations ofPCBs in Cahoration and Calibration Verification Solutions 

IUPAC CS1 CS2 CS31 CS4 css 
N'l.• (ng/mL) (ng/m.L) (ng/ml) {rtn/TT'IT \ fnlTlrr, T \ 

. 

Precision and Recovery 
~ 

Standards 
3,3',4,4'-TCB 77 0.5 2 IO 40 200 
2,3,3',4,4'-PeCB 105 2.5 10 so 200 1000 
2,3,4,4',S-PeCB 114 2.S 10 so 200 1000 
2,3 ',4,4' ,S-PeCB 118 2.5 10 so 200 1000 
2',3,4,4',S-PeCB 123 2.S 10 so 200 1000 
3,3',4,4',S-PeCB 126 2.S 10 so 200 1000 
2,3,3 ',4,4',S-HxCB 156 s 20 100 400 2000 
2,3,3',4,4',S'-HxCB 157 s 20 100 400 2000 
2,3' ,4,4' ,S,S'-HxCB 167 s 20 100 400 2000 
3,3',4,4',S,S'-HxCB 169 s 20 100 400 2000 
2,2',3,3',4,4',S-HpCB 170 s 20 100 400 2000 
2,2',3,4,4',S,5'-HpCB 180 s 20 100 400 2000 
2,3,3',4,4',5,S'-HpCB 189 s 20 100 400 2000 
Internal Standards 
13Cl2-3,3',4,4'-TCB 77L 100 100 100 100 100 
13C 12-2,3 ,3 ',4,4'-PeCB lOSL 100 100 100 100 100 
13Cl2-2,3',4,4',S-PeCB 1181 100 100 100 100 100 
l3Cl2-3,3',4,4',S-PeCB 1261 100 100 100 100 100 
13Cl2-2,3,3',4,4',S-HxCB 1561 100 100 100 100 100 
13C12-2,3,3',4,4',S'-HxCB 1571 100 100 100 100 100 
13C12-2,3',4,4',5,5'-HxCB · 167L 100 100 100 100 100 
13Cl2-3,3',4,4',5,S'-HxCB 1691 100 100 100 100 100 
13C12-2,2',3,4,4',5,S'-HpCB 1801 100 100 100 100 100 
13Cl2-2,3,3',4,4',5,S'-HpCB 1891 100 100 100 100 100 
Su"ogate Standards 
l 3C 12-3 ,4,4' ,5-TCB 81L 0.5 2 10 40 200 
13C12-2,3,3',5,5~-PeCB 1111 2.5 10 50 200 1000 
Recovery Standards 
13Cl2-2,2',5,5'-TCB 52L 100 100 100 100 100 
13C12-2,2',4,S,S'-PeCB 1011 100 100 100 100 100 
13Cl2-2,2',3,4,4',5'-HxCB 1381 100 . 100 100 100 100 
13Cl2-2,2',3,3',5,5',6-HpCB 1781 100 100 100 100 100 
Final Eluter 

200 2QQ 20()JJCJ2-DC5 2Q9J, zoo 200 
I Suffix "L" indicates labeled compound. 
2 Sections 7.2.6, call'bration verification solution. 
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Table 5. Labeled Compound Target PCB Recoveries 

.. 
-
. Labeled compound 

Test recovery 
WPAC cone 

Labeled PCB No. (ng!mL)1 (ng/mL) (%) 

Internal Standards 
13C12-3,3',4,4'-TCB 77 100 30-150 30-150 
13C12-2,3,3',4,4'-PeCB 105 100 30-150 30-150 
13C12-2,3',4,4',5-PeCB 118 100 30-150 30-150 
13C12-3,3',4,4',5-PeCB 126 100 30-150 30-150 
13C12-2,3,3',4,4',S-HxCB 156 100 30-150 30-150 
13Cl2-2,3,3',4,4',5'-HxCB 157 100 30-150 30-150 
13C12-2,3',4,4',5,5'-HxCB 167 100 30-lSO 30-150 
13C12-3,3',4,4',S,5'-HxCB 169 100 30-150 30-lSO 
13C12-2,2',3,4,4',S,5'-HpCB 180 100 30-lSO 30-150 
13C12-2,3,3',4,4',5,S'-HpCB 189 100 30-150 30-150 
Su"ogate Standards 
13C12-3,4,4',5-TCB 81 so S-75 10-150 
13C12-2,3,3',5,5'-PeCB 111 250 50-325 20-130 

1 Based on 20 µL final extract volume. 
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Table 6. Descriptors, Exact m/z's, m/z Types, and Elemental Compositions of the PCBs 

Exact 
Descriptor m1i 

1.. � 289.9214 
291.9194 
301.9626 
303.9597 
318.9792 
325.8804 
327.8775 
330.9793 
337.9207 
339.9178 

2. � 325.8804 
327.8775 
337.9207 
339.9178 
354.9792 
354.9792 
393.8025 
395.7996 
405.8428 
407.8398 

3. � 359.8415 
361.8385 
371.8817 
373.8788 
380.9760 

· �380.9760 
393.8025 
395.7996 
405.8428 
407.8398 

4. � 504.9696 
504.9696 
509.7229 
Sl 1.7199 

m/z 
type 

M 
, M+2 
-M 
M+2 �
LockMass �
M+2 
M+4 
Lock Mass Check 
M+2 
M+4 

M+2 
M+4 
M+2 
M+4 
LockMass 
Lock Mass Check 
M+2 
M+4 
M+2 
M+4 

M+2 
M+4 
M+2 
M+4 
LockMass · 
Lock Mass Check 
M+2 
M+4 
M+2 
M+4 

Lock Mass 
Lock Mass Check 
M+4 
M+6 

1 Nuclidic masses used were: 
H• 1.007825 C= 12.00000 
13C =13.003355 3SCI = 34.968853 

2 � TCB • Tetracblorobiphenyl 
PeCB = Pentacblorobiphenyl 
HxCB • Hexachlorobiphenyl 
HpCB • Heptacblorobiphenyl 
DCB .. Decacblorobiphenyl. 

3 � 13C labeled compolllld. 

Elemental composition 

t:12 H6 35Cl4 
Cl2 H6 35Cl3 37Cl 
13Cl2 H6 35Cl4 · 
13Cl2 H6 3503 37Cl 

Cl2 HS 35C14 37Cl 
Cl2 HS 3503.. 37Cl2 

13Cl2 H5 35Cl4 37Cl 
13Cl2 H5 3503 37CI2 

Cl2 HS 35Cl4 37Cl 
Cl2 HS 3503 37Cl2 
13Cl2 HS 35C14 37Cl 
13Cl2 H5 3503 37Ci2 

Cl2 H3 35Cl6 .37Cl 
Cl2 H3 35Cl5 37Cl2 
13Cl2 H3 35C16 37Cl 
13Cl2 H3 -35C15 37Cl2 

C12 H4 35Cl5 37Cl 
C12 H4 35C14 37Cl2 
13Cl2 H4 35Cl5 37Cl 
13C12 H4 35C14 37CI2 

Cl2 H3 35C16 37Cl 
C12 H3 35C15 37Cl2 
13C12 H3 3SC16 37Cl 
13C12 H3 35C15 37C12 

-�
13C12 3SC18 37CI2 
13Cl2 3SC17 37Cl3 

37Cl =36.965903 

Su~s1.a.;:ic,/ 

T,--P 

TCB 
TCB' 
TCB' 
PFK 
PeCB 
PeCB 
I'FK 
PeCB' 
PeCB' 

PeCB 
PeCB 
PeCB' 
PeCB1 

PFK 
PFK 
HpCB 
HpCB 
HpCB' 
HpCB' 

HxCB 
HxCB 
HxCB' 
HxCBJ 
PFK 
PFK 
HpCB 
HpCB 
HpCB1 

HFCB1 

PFK 
PFK 
DCB' 
DCB' 
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Table 7. Theoreili:al Ion Abundance Ratios and QC Limits 

Chlorine m/z's forming Theoretical QCLimit1 
atoms ratio ratio 

... , Lower Upper 

4 M/(M+2) 0.77 0.65 0.89 
s (M+2)/(M+4) 1.55 1.32 1.78 
6 (M+2)/(M+4) 1.24 1.05 1.43 
7 (M+2)/(M+4) 1.05 ·0.88 1.20 
10 (M+4)/(M+6) 1.17 0.99 1.35 

1 QC limits represent+/- 15 percent windows around the theoretical ion abundance ratio. These limits 
are preliminary. 
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Table 8. � GC Retention Time Window Defining Solution and Congener Specificity 
Test Standard1 (Section 7 .2.8) 

Congener �
group , First eluted Last eluted�:'! . 

TCB 54 2,2',6,6' 77 3,3',4,4' 

PeCB 104 2,2' ,4,6,6' 126 3,3',4,4',5 

HxCB 1SS 2,2',4,4',6,6' 169 3,3',4,4',5,5' 

HpCB 188 2,2',3,4',S,6,6' 189 2,3,3',4,4',5,5' 

Resolution test compounds �

123 2',3,4,4',S-PeCB 156 2,3,3',4,4',S-HxCB �

118 2,3',4,4',5-PeCB 157 2,3,3',4,4',S'-HxCB �

1 All compounds are at a concentration of 100 ng/m.L in nonane. 
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Appendix A �

Recommended XAD-2 Resin Cleaning and Pre-Spiking Procedures 


' 
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Particulate �
Filter �

(Container 1) �

.: ~ - . 

~ 
~ 

~ 

-

u 

Spike with �
Internal Standard �

Solution �

Soxhlet Extract �
with CH2Cl2 �

Combine CH2Cl2 �
Extract with �

Front Half Rinse �

Remove Moisture 
with Na2S04 

Concentrate �
to 10 mL �

Split Combined Extract 
into Two Portions 

5 ml for 
Cleanup 

CH~CI/Ar.etone 
Front t-:alf Rinse 

,,..,.,,.,t,;,ir,e,• ?' 

1 
I 
I 
I 

~, 
Filter; Add Filter to 

Particulate 
Filter 

•
Dry Filtrate 

with 
Na2SO..; 

Repeat 
Drying Process 

If Needed 

Figure 1. Sample Extraction Procedure for Stationary Source Emission Sample 
(Front Half Sample Fraction) 
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XAD-2 �
(Container 3) �

+ 
Spike with �

Internal Standard �
.. � Solution 

.,l. 

Soxhlet Extract �
with CH2C'2 �

Impinger �
Contents �

(Container 5) � CH2C'2fAcetone C~C'2f Acetone 
Back Half Rinse lmpinger Rinse 

(Container 4) (Container 6)
~ , 

If Water Is Present 
In XAD-2 Extract, 

Extract Water Layer ~,
with C18-SPE 

Dry 
Rinse ~ 

with. ~ 

Na:zS04' 

Extract ., + 
Water 

Combine CH2 Cl2 Extract RepeatSamrle .... ~ ... and Rinses Dryingwith 
ProcessC~B-SPE 

If Needed 

Remove Moisture �
wtth Na2SO• �

'· 

Concentrate to 
10ml 

Split Combined Extract �
into Two Portions �

... 'Y 
5 ml for I 5 mL for I 
Cleanup ArcniveI I 

Figure 1. (Continued - Back Half Sample Fraction) 
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Extract 
Cleanup 

Solvent Exchange �
Into Hexane �

Spike·Surrogate �
Standard Solution• �.. 

Extract Hexane Extract �
with Sulfuric Acid �.. 

Discard the Wash the Hexane �
Aqueous Layer Layer with �

NaCl Solution �

Extract the Hexane
Discard the with

Aqueous Layer KOH Solution 

Wash the Hexane
Discard the Layer with NaCl 

Aqueous Layer Solution .. .. 
Dry

Discard the Extract with
Aqueous Layer 

Na2SO• .. 
Silica Ge1 ! 
Cleanup I 

~ 
carbon Column 

- Cleanup 

• The surrogate standard solution + 
Is not added ID the XAD-2 back half rinse Concentrate 
extract because these surrogates are used PCB Fraction 
In pre-sampling spike of XA0-2. 

HRGC/HRMS Add Recovery 
Analyses Standard Sollrtlon 

Figure 2. Extract Cleanup Procedure 
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XAD-2 Resin Cleaning Procedure 

Pre-cleaned XAD-2 resin (Supelco) is extracted in methylene chloride for at least 24 hours and 
dried using high-purity nitrogen. The extraction procedure is performed in a large Soxhlet 
extractor, which will contain _approximately 100 g ofAmberlite XAD-2. Multiple Soxhlet . 
extraction setups may be employed, depending upon the number ofXAD-2 traps needed. The 
resin must be carefully retained between two glass wool plugs inside the Soxhlet extractor, 
because it floats on methylene chloride. The XAD-2 resin is dried by placing the extracted 
resin (-200 g) in a Pyrex column (10 cm x 40 cm). The drying column has sufficient space for 
fluidizing the XAD-2 bed, while generating a minimum resin load at the exit of the column. 
The nitrogen was purified by passing it through a charcoal trap between the nitrogen cylinder 
(size lA) and the column. The rate ofnitrogen flow (ca 40 Umin) through the column should 
be set to agitate the bed gently to remove the residual solvent. 

Storage of Clean XAD-2 Resin 

-. " 

XAD-2 resin cleaned and dried as prescribed above is suitable for immediate use in the field, 
provided it passes the QC contamination check described below. However, precleaned dry 
XAD-2 resin may develop unacceptable levels of contamination if stored for periods exceeding 
one month. If precleaned XAD-2 resin is not to be used immediately, it should be stored in a 
dean jar that is seal~cl with Teflon tape. An aliquot shall then be taken for the QC 
C?ntamination check for determining the background levels of target analytes. 

:f the stored resin fails the QC check, it may be recleaned by repeating the methylene chloride 
extraction described above. The QC contamination check shall be repeated after the resin is 
recleaned and dried. 

OC Contamination Check ofXAD-2 Resin 

The XAD-2 resin shall be subjected to a QC check to confirm the absence of any contaminants 
th:it might Callie interferences in the subsequent analysis of field samples. An aliquot of resin, 
equivalent in size (-40 g) to one XAD-2 module charge, shall be used to check a single batch 
·of resin for its quality control. 

Toe XAD-2 resin aliquot shall be subjected to the same extraction, concentration, cleanup, and 
a:ialytical procedures as those applied to the field samples. The quantitative criteria for 
acceptable resin quality will depend on the detection limit criteria established for the field 
saopling and analysis program. 

Resin which yields a background or blank value equal to or greater than that corresponding to 
me 1eve1s 01 concern for the analyte(s) shall be rejected for field use. Note that fre acceptance 
limit for re-;in cleanliness depends not only on the inherent detection limit of the analysis 
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method but also ·on the expected field sample volume and on the desired limit of detection in 
the sampled stream. 

Pre-Sampling Surrogate Spike 
.·': ., 

Prepare the Surrogate Spike_jolution as descnoed in Section 7.2.4 of this method. The XAD-2 
sampling module (trap) has sealed ball and socket joints and is wrapped in pre-muffled 
aluminum foil and bubble v;rap. The technician must wear clean cotton or nylon gloves prior 
to opening the seJ.led joints. The teflon tape and clamp on the exit end are removed, and the 
trap carefully unwrapped. The foil is then placed on a clean, stable flat surface with the clean 
side, the inner surface, facing up. The trap is p!aced on the foil with the open end toward the 
technician. 

The technician must prerinse a syringe six to eight times with methylene chloride. The syringe 
volume should be as close as possible to the volume ofspiking solution to be added. The 
syringe is then placed on the clean foil alongside the trap. The clean syringe is then used to 
withdraw 1 mL of the surrogate spike solution. The needle is positioned at the center of the 
glass wool plug and inserted through the glass wool and into approximately one centimeter of 
the XAD-2 resin. The needle should be in the resin, not between the resin and glass wall. The 
syringe contents are injected and the syringe withdrawn. The trap is then sealed and placed in 
~0°C for storage. The syringe is rinsed again several times with dichloromethane to clean the 
$piking solution from it. The gloves are discarded and a fresh pair is used for spilcing the 
tecond or next trap. The spiked traps will then be packed with dry ice and sent to the field for 
sampling. 

The date of spiking, identity of the XAD-2 module, identity and volume of the spiking solution 
used, and the name of the technician who performed the spiking are recorded in the study 
laboratory record book. 

.. 
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AppendixB �
Recommended Procedure for Cleaning the Particulate Filter �
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Recommended ·Procedure For Cleaning the Filter 

Prior to use in the field, each lot of filters shall be subjected to precleanin6 c:nd a qua:it:: 
·control or contaminantion check to confirm that there are no contaminants present that v.ill 
interfere with the analysis qf selected species at the target detection limits. 

~

Filters will be preclea.ied by placing in a muffle oven at >400°C for 12-16 hours. As__ a QC 
check, a filter will be extracted, and subjected to the same concentration, clean-up and a..,alysis 
precedures to be used for the field samples. 

Toe quantitative criterion for acceptable filter quality will depend on the detection liI!lit criteria 
established for the field sampling and analysis program. Filters that give :i background or blank 
signal per filter greater than or equal to the target detection limit for the analyte(s) of concern 
shall be rejected for field use. Note that acceptance criteria for filter cleanliness depend not 
only on the inherent detection limit of the analysis method but also on the expected field sample 
volume and on the desired limit ofdetection in the sampled stream. 

If the filters do not pass the QC check, they shall be re-muffled, re-extracted, and re-analyzed 
until an acceptably low background level is achieved. 

B-2 �
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Proposed Analytical Method for Determination of Toxic Polychlorinated �
Biphenyls in Sewage Sludge by Isotope Dilution High Resolution Gas �

Chromatography/High Resolution Mass Spectrometry �

1.0 � SCOPE AND APPLICATION 

1.1 � This analytical method is for determination of the toxic polychlorinated biphenyls (PCBs) 
in sewage sludge by high resolution gas chromatography/high resolution mass 
spectrometry (HRGC'HRMS). The method is for use in the Emission Measurement 
Center's (EMC) data gathering effort to support a Maximum Achievable Control 
Technology (MACT) standard to limit emissions ofhazardous air pollutants at two 
sewage sludge incinerators. The method is based on a compilation of methods from the 
technical literature and EPA Method 1668 (references 1-14). 

1.2 � The method presented here is intended to determine toxic PCBs in samples containing 
PCBs as single congeners or as complex mixtures. The target analytes are listed in 
Table 1. 

1.3 � The method is restricted for use only by or under the supervision of analysts experienced 
in the use of high resolution gas chromatography (HR.GC)/high resolution mass 
spectrometry (HR11S), and skilled in the interpretation ofmass spectra. 

1.4 � Becai.lSe of the extreme toxicity of these compounds, the analyst must take necessary 
precautions to prevent exposure to himselfi'herself, or to others, of materials known or "' 
believed to contain PCBs. 

2.0 � Sul\WARY OF :METHOD 

2.1 � An analytical flow diagram depi~ting the sewage sludge extraction procedure is shown in 
Figure 1. Labeled PCBs are spiked into a well-mixed 2 g aliquot of the wet sludge. 
Solids are homogenized into a slurry, the slurry is mixed with drying agent, and that 
mixtcre is extracted in a Soxhlet apparatus with methylene chloride. The extract is 
concentrated and spiked with cleanup standards. 

2.2 � A flow diagram depicting the sewage sludge extract cleanup procedure is shown in 
Figure 2. The sewage sludge extracts are cleaned using acid and base partitioning, 
granular copper (for removal of sulfur), and silica gel and activated carbon column 
:~-:-::-::.::•:_;:-'.?.phy. Oily hydrocarbnns are removed usmg Higb Performance Liquid 
Chromatography (HPLC)/Gel Permeation Chromatography (GPC). 
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2.3 � After cleanup, the extract is concentrated to a final volume between 20 µL - 1.0 mL, per 
the analyst's discretion. Prior to HRMS/HRGC injection, recovery stanci..rJs a:c aJde~ !CJ 

each extract, and an aliquot of the extract is injected into the gas chromat.:graph. The 
analytes are separated by the GC and detected by a high resolution mass SPectrometer. 
Two exact m/z's are monitored for each analyte. 

~ 

2.4 � An individual PCB congener is identified by comparing the GC retention time and io.1
abundance ratio of two exact m/z's with the ccrresponding retention time of an authentic 
standard and the theoretical or acquired ion-abundance ratio of the two exact m1z's. 
Isomer specificity for the toxic PCBs is achieved using GC columns that resolve these 
congeners from the other PCB analytes. Results are quantified using relative response 
factors. 

. 2.5 � The quality of the analysis is assured through reproducible calibration and verification of 
operation for the extraction, cleanup, and GC/I\!S systems. 

3.0 � DEFINITIONS AND.ABBREVIATIONS 

3.1 � Definitions and Acronyms 

3.1.1 Analyte - a PCB compound measured by this method. The analytes are listed in 
Table 1. 

3.1.2 � Calibration Standard (CS)- a solution prepared from a secondary standard 
and/or stock solutions and used to calibrate the response of the instrument with 
respect to analyte concentration. 

3 .1 \ Calibration Verification Standard (VER)- the mid-point calibration standard 
(CS3) that is used to verify calibration (see Table 4). 

3.1.4 � Congener - refers to a particu.J.ar compoun~_9f the same chemical family. 

3.1.5 � CSl, CS2, CS3, CS4, CSS- see calibration standards in Table 4 

3.1.6 � Field Blank-an aliquot of4% (v/v) HN03 acid that is placed in a sample 
container in the laboratory or the field, and treated as a sample in all respects, 
including exposure to sampling site conditions, storage, preservation, and all 
analytical procedures. The purpose ofthe field blank is to determine if the field 
or sample transporting procedures and environments have contaminated the 
sample. � · 

3.1.7 HRGC - high resolution gas chromatography or gas chromatograph. 
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3.1.8 HRMS - high resolution mass spectrometry or mass spectrometer. 

3.1.9 Internal Standard (IS)- a component which is added to every sample and is 
present in the same concentration in every blank, quality control sample, and 
calibration solution. The IS is added to the sample before extraction and is used 
to measure the concentration of the analyte and surrogate compound. The IS 
recovery serves as an indicator of the oYCrall performance of the analysis. 

3.1.10 K-D-Kuderna-Danish concentrator; a device used to concentrate the analytes in 
a solvent. 

3.1.11 Laboratory Blank- see Laboratory Method Blank. 

3.1.12 Laboratory Method Blank- an aliquot ofreagent water or solvent that is 
treated exactly as a sample inckding exposure to all laboratory glassware, 
equipment, solvents, reagents, internal standards, and surrogates that are used 
with samples. The laboratory method blank is used to determine if analytes or 
interferences are present in the laboratory environment, the reagents, or the 
apparatus. 

3.1.13 Laboratory Spike Sample- a laboratory-prepared matrix blank spiked with 
known quantities ofanalytes. The laboratory spike sample is analyzed exactly 
like a sample. Its purpose is to assure that the results produced by the laboratory 
remain 'Within the limits specified in the method for precision and recovery. 

3 .1.14 May - this action, activity, or procedural step is neither required nor prohibited. 

3.1.15 May not-this action, activity, or procedural step is prohibited. 

3 .1.16 Must  this action, activity, or procedural step is required. 

3.1.17 m/z Scale - the molecular mass to charge ratio scale. 

3.1.18 PAR  precision and recovery standard; secondary standard used to prepare 
laboratory spike samples. 

3.1.19 � Percent Relative Standard Deviation (%RSD)-the standard deviation times 
100 divided by the mean. Also termed "coefficient ofvariation. 11 

3.1.20 � PFK- perfluorokerosene; the mixture ofcompounds used to calibrate the exact 
m/z scale in the HR.MS. 

3.1.21 � Primary Dilution Standard - a solution containing the specified analytes that.is 
p1rrchased or prepared from stock solutions and diluted as needed to prepare 
calibration solutions and other solutions. 
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3.1.22 

3.1.21 

QC Check Sample  a sample containing all or a subset of the analy1:1?S at 
known concentrations. The QC check sample is obtained from c:. :>O~co..:c ~:...k.-nal 
to the laboratory or is prepared from a source of standards difr~rent from the 
source of calibration standards. It is used to check laboratorv nerfoT'1'1'1 ~nr:!3 ~-i1 !
test materials.p~cpared external to the normal preparation process. 

~· 

Reagent Water-water demonstrated to be free from the analytes of interest and 
potentially interfering substances at the analyte estimated detection limit; e.g., 
HPLC grade water. 

3.1.24 Recovery Standard- a known amount of component added to the concentr.:1ted 
sample extract before injection. The response of the internal star.dards ;elativ.e to 
the recovery standard is used to estimate the overall recovery of the internal 
standards. 

3.1.25 Relative Response Factor  the response of the mass spectrometer to a kn0wn 
amount of an analyte relative to a kno'Wll amount ofan internal standard. 

3.1.26 RF - response factor (see Section 10.2.2). 

3 .1.27 RPD - relative percent difference,· defined as the absolute value of the difference 
between two values divided by the mean of the two values, expressed as a 
percentage. 

3.1.28 SIN  signal to noise ratio. 

3.1.29 Should  this action, ac.tivity, or procedural step is suggested but not required. 

3.1.30 SICP  selected ion current profile; the line described by the signal at an exact 
m/z. 

3.1.31 Specific Isomen  a specific isomer is designated by indicating the exa:t 
positions (carbon atoms) where chlorines are located within the molecule For 
example, 2,3,3',4,4'-PeCB refers to only one of the 209 possible PCB isomers 
that isomer which is chlorinated in the 2,3,3',4,4'-position of the biphenyl ring 
structure. 

3.1.32 Specificity- the ability to measure an analyte of interest in the presence of 
interferences and other analytes of interest encountered in a sample. 

3.1.33 Stock Solution-a solution containing an analyte that is prepared using a 
reference material traceable to EPA, the National Institute of Science and 
Technology (NIST), or a source that will attest to the purity and authenticity of 
the reference material. 
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3.1.34 � Toxic PCB- any or all of the toxic polychlorinated biphenyl isomers shovm in 
Table 1. 

3.1.35 � VER- see Calibration Verification Standard (Section 3.1.3). 
·• , 

3.2 � Abbreviations 

3.2.1 � PCB- any or all of the 209 possible polychlorinated biphenyl isomers. 

3.2.2 � TCB - abbreviation for tetrachlorinated biphenyl. 

3.2.3 � PeCB -abbreviation for pentachlorinated biphenyl. 

3.2.4 � HxCB- abbreviation for hexachlorinated biphenyl. 

3.2.5 � HpCB- abbreviation for heptachlorinated biphenyl. 

3.2.6 � DCB - abbreviation for decachlorinated biphenyl. 

4.0 � C01''TAMINATION AND INTERFERENCES 

4.1 � Method interferences may be caused by contaminants in solvents, reagents, glassware, 
and other sample processing hardware that lead to discrete artifacts and/or elevated 
backgrounds at the ions monitored. All of these materials must be routinely demonstrated 

·to be free from interferences under the conditions of the analysis by analyzing field and 
laboratory blanks as described in Sections 9.1.1 and 9.2.2. 

4.2 � Solvents, reagents, glassware, and other sample processing hardware may yield artifacts 
and/or elevated baselines causing misinterpretation of chromatograms. Specific selection 
of reagents and purification of solvents by distillation in all-glass systems may be 
required. \\"here possible, reagents are cleaned by extraction or solvent rinsing. Toe toxic 
PCB congeners 105,114,118,123,156,157, 167,and 180havebeenshovmtobevery 
difficult to completely eliminate from the laboratory, and baking of glassware in a kiln or 
furnace at 450-500°C may be necessary to remove these and other contaminants. 

4.3 � Proper cleaning ofglassware is extremely important because glassware may not only 
contaminate the samples but may also remove the analytes of interest by adsorption onto 
the glass surf ace. 

4.3.1 � Glassware should be rinsed with methanol and washed with a detergent solution 
as soon after use as is practical. -Sonication ofglassware containing a detergent 
solution for approximately 30 seconds may aid m cleaning. Glassware witn · 
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removable parts, particularly separatory funnels with fluoropolymer stopcocks, 
must be disassembled prior to detergent washing. 

4.3.2 � After detergent washing, glassware should be rinsed immediatelv: first with 
methanol, then ~th hot tap water. The tap water rinse is followed by distilled 
water, methanol, and then methylene chloride rinses. 

4.3.3 � Baking of glassware in kiln or other high temperature furnace (450-500°C) ma:,. 
be warranted after particularly dirty samples are encountered. However, 'caking 
should be minimized, as repeated baking ofglassware may cause active sites on 
the glass surface that may irreversibly adsorb PCBs. 

4.3.4 � Immediately prior to use, the Soxhlet apparatus should be pre-extracted with 
methylene chloride for 3 hours to remove any possible background 
contamination. 

4.4 � The use ofhigh purity reagents minimizes background contamination and interfe.ence 
problems. Purification of solvents by distillation in all-glass systems may be required. 

4.5 � Matrix interferences may be caused by contaminants that are co-extracted from the 
sample. The er.ent ofmatrix interferences may vary considerably with the source being 
sampled. Toxic PCBs are often associated with other interfering chlorinated compounds 
which are at concentrations several orders ofmagnitude higher than that oftbe PCBs of 
interest. The cleanup procedures in Section 11.3 can be used to reduce many of these 
interferences, but unique samples may require addititJnal cleanup approaches. 

4.6 � Two high resolution capillary columns, a J&W DBXLB, 60 m x 0.25 mm x 0.25 µm 
(J&W), and a 50 m x 0.23 mm x 0.25 µm HT-8 (SGE), are recommended for PCB 
analysis because both of these columns will resolve all 13 toxic PCBs. Equivalent 
columns that sufficiently resolve the toxic PCBs may also be used. 

4.7 � Ifother gas chromatographic conditions or other techniques are used, the analyst is 
required to support the data through an· adequate quality assurance program. 

S.O 	 SAFETY 

5.1 � The toxicity or carcinogenicity of each reagent used in this method has not been precisely 
defined. Nevertheless, each chemical compound should be treated as a potential health 
hazard. Therefore, exposure to these chemicals must be reduced to the lowest possible 
level by whatever means available. 

5.2 � The laboratory is responsible for maintaining a current file of OSHA regulations 
regarding the safe handling of the chemicals specified in this method. A reference file of 
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material safety data sheets should also be made available to all personnel involved in the 
chemical analysis. 

5.3 � PCBs and methylene chloride have been classified as known or suspected human or �
mammalian carcinogeps . �

.. 
5.4 � Unsterilized raw sewage sludge may be a human health risk because pathogens contained 

within the sample, e.g., salmonella, £. coli, hepatitis, may be aerosolized and t:ransi:,orted 
to the human host via inhalation or dermal contact with mucous membranes. All sewage 
sludge samples should be sterilized by 4% (v/v) nitric acid that is added to the sampling 
bottles prior to shipment into the field for sampling (Section 8.2). In addition, sewage 
sludge should only be collected and stored in bottles containing vents that prevent 
pressure buildup, thus avoiding the possibility of the sample spraying forcefully out of 
the sample container when it is opened. 

6.0 � APPARATUS, EQUIPMENT, AND SUPPLIES 

6.1 � Glassware Cleaning Equipment-Laboratory sink with overhead fume hood. 

6.2 � Sample Preparation Equipment 

6.2. J Laboratory fume hood of sufficient size to contain the sample preparation 
equipment listed below. 

6.2.2 � Glove box (optional). 

6.2.3 � Oven-For determining percent moisture; capable of maintaining a !emperature 
of 110± 5°C. 

6.2.4 � Desiccator. 

6.2.5 � Balances 

6.2.5. l Analytical-Capable ofweighing 0.1 mg. 

6.2.5.2 Top loading-Capable of weighing 10 mg. 

6.3 � Extraction Apparatus 

6.3.1 � Soxhlet Apparatus 
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6.3.1.1 � Soxhlet-50-mm ID, 200-mL capacity with 500-mL flask (Cal-Glass �
LG-6900, or equivalent, except substitute 500-mL row.id-bc~c;:.i ~la.:;~, �
for 300-ml flat-bottom flask). �

6.3.1.2 � Thimbie-43 mm x 123 mm to fit Soxhlet (Cal-Glass LG-6901-122, or �
equivalent). �

6.3.1.3 � Heating mantle-Hemispherical, to fit 500-mL round-bottom flask (Cal~ �
Glass LG-8801-112, or equivalent). �

6.3.1.4 Variable transformer-Powerstat (or equivalent), 110-volt, 10-amp. �

6.3.2 Beakers-400- to 500-m.L. �

6.3.3 � Spatulas-Stainless steel. �

6.4 --� Filtration Apparatus �

6.4.1 � Pyrex glass wool-Heated in an oven at 450-500 ·c for 8 hours miuirouru. �

6.4.2 � Glass funnel-125-to 250-mL. �

6.4.3 � Glass-fiber or quartz fiber filterpaper-Whatman GF/D (or equivalent). �

6.4.4 � Drying column-15- to 20-mm ID Pyrex chromatographic column equipped 'With �
coarse-glass frit or glass-wool plug. �

6.5 � Cleanup Apparatus �

6.5.1 � Pipets �

6.5.1.1 � Disposable, Pasteur, 150-mm long x 5-mm ID (Fisher Scientific 13-678
tiA, or cquival~t). · �

6.5.1.2 � Disposable, serological, 50-mL (8- to 10- mm ID). �

6.5.2 � Glass chromatographic columns �

6.5.2.1 � 150-mm long x 8-mm ID, (Kontes K-420155, or equivalent) 'With �
coarse-glass frit or glass-wool plug and 250-mL reservoir. �

6.5.2.2 � 200-mm long x 15-mm ID, with coarse-glass frit or glass-wool plug and �
250-mL reservoir. �
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6.6.2.1 � Concentrator tubes-10-mL, graduated (Kontes K-570050-1025, or 
equivalent), and 1.0 mL (Kontes K-570050-1000, or equivalent) 'With 
calibration verified. Ground-glass stopper (size 19/22 joint) is used to 
prevent evaporation of extracts. 

6.6.2.2 � Evaporation flask-500-mL (Kontes K-570001-0500, or equivalent), 
attached to concentrator tube 'With springs (Kontes K-662750-0012 or 
equivalent). 

6.6.2.3 � Snyder column-Three-ball macro (Kontes K-503000-0232, or 
equivalent). 

6.6.2.4 � Boiling chips 

6.6.2.4.1 � Glass or silicon carbide-Approximately 10/40 mesh, 
extracted with methylene chloride and baked at 450°C for 1 
hour minimum. 

6.6.2.4.2 � Fluoropolymer (optional)-Extracted 'With methylene 
__ chloride. 

6.6.2.5 � Water bath-Heated, with concentric ring cover, capable of maintaining 
a temperature within ±2 °C, installed in a fume hood. 

6.6.3 � Nitrogen blowdown apparatus-Equipped with water bath controlled in the range 
of 30 - 60°C (N-Evap, Organomation Associates, Inc., or equivalent), installed in 
a fume hood. 

6.6.4 � Turbo Yap Nitrogen blowdown apparatus-Equipped with water bath controlled 
in the range of 30 - 60°C, and concentrator tubes (Turbotubes, or equivalent), 
(Turbovap II, Zymark, or equivalent). 

6.6.5 � Sample vials 

6.6.5.1 � Amber glass, 2- to 5-mL with fluoropolymer-lined screw-cap. 

6.6.5.2 � Glass, 0.3-mL, conical, with fluoropolymer-lined screw or crimp cap. 

6.7 � Gas Chromatograph-Shall have splitless or on-column injection port for capillary 
column, temperature program with isothermal hold, and shall meet all of the performance 
specifications in Section 10. 

6.7.1 � .GC Columns-Each of the GC columns listed below is capable of resolving the 
U tm..ic PCB congeners analyzed for in this method. Other GC columns may be 
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used when resolution of the PCB congeners of concern from tl:eir most closely 
eluting leading and trailing congeners can be demonstrated. 

6.7.2 Column #1-50 m long x 0.25±0.02-mm ID; 0.25-µm film HT-8 (SGE. or 
equivalent). ., . , . 

6.7.3 Column #2-60 m long x 0.25±0.02-mm ID; 0.25-µm film DBXLB (J&W, or 
equivalent). 

6.8 High Resolution Mass Spectrometer-28- to 40-eV electron impact ionization, shall be 
capable ofrepetitively selectively monitoring 12 exact m/z's minimum at high resolutior. 
(::!: 10,000) during a period less than 1.5 seconds, and shall meet all of the performance 
specifications in Section 10. 

6.9 HRGC/HR.MS Interface---The high resolution mass spectrometer (HR.MS) shall be 
interfaced to the high resolution gas chromatograph (HRGC) such that the end of the 
capillary column terminates within 1 cm of the ion source but doe5 not intercept the 
electron or ion beams. 

6.10 Data System-Capable ofcollecting, recording, and storing MS data. 

7.0 REAGENTS AND STANDARDS 

Note: unless otherwise stated, all reagents, water, and solvents must be pesticide grade (if 
available) or equivalent. 

7.1 Acid and Base Partitioning 

7.1.1 Potassium hydroxide-Dissolve 20 g pesticide grade (if available) KOH m 100 
mL reagent water. 

7.1.2 Sulfuric acid-Pesticide.grade (if available; specific gravity_ 1.84). 

7.1.3 Hydrochloric acid-Pesticide grade (if av~lable), 6N. 

7.1.4 Sodium chloride-Pesticide grade (if available), prepare at 5% (w/v) solution i.-i 
reagent water. 

7 .2 Solution Drying and Evaporation 

7.2.1 Solution drying-Sodium sulfate, reagent grade, granular, anhydrous (Baker 
3375, or equivalent), rinsed with methylene chloride (20 mLJg), baked at 400 °C 
for 1 hour minimum, cooled in a desiccator, and stored in a pre-cleaned glass 
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bottle with screw-cap that prevents moisture from entering. If, after heating, the 
sodium sulfate develops a noticeable grayish cast (due to the presence of carbon in 
the crystal matrix), that batch ofreagent is not suitable for use and should be 
discarded. Extraction with methylene chloride (as opposed to simple rinsing) and 
baking at a lowC!- temperature may produce sodium sulfate that is suitable for use. 

~ 

7.2.2 � Prepurified nitrogen'.:'" 99.9995% purity. 

7.2.3 � Diatomaceous earth drying agent, Extrelut, Hydromatrix, or equivalent 

7.2.4 � Desiccant-EM Science silica gel Grade H Type IV Indicating (6-16 mesh). 

7.3 � Extraction 

7.3.1 � Solvents-Acetone, n-hexane, methanol, methylene chloride, and nonane; 
distilled in glass, pesticide quality, lot-certified to be free of interferences. 

7.4 � Adsorbents for Sample Cleanup 

7.4.1 � Silica gel 

7.4.1.1 � Activated silica gel-100-200 mesh, Supelco 1-3651 (or equivalent), 
rinsed with methylene chloride, baked at 180°C for a minimum of 1 
hour, cooled in a desiccator, and stored in a precleaned glass bottle with 
screw-cap that prevents moisture from entering. 

7.4.1.2 � Acid silica gel (30% w/w)-Thoroughly mix 44 g of concentrated 
sulfuric acid with 100 g of activated silica gel in a clean container. Break 
up aggregates with a stirring rod until a uniform mixture is obtained. 
Store in a screw-capped bottle with fluoropolymer-lined cap. 

7.4.1.3 � Basic silica gel-Thoroughly mix 30 g of IN sodium hydroxide with 
100 g of activated silica gel in a clean container. Break up aggregates 
with a stirring rod until a umform mixture is obtained. Store in a screw
capped bottle with fluoropolymer-lined cap. 

7.4.2 � Carbon 

7.4.2.1 � Carbopak C-(Supelcc 1-0258, or.equivalent). 

7.4.2.2 � Celite 545-{Supelco 2-0199, or equivalent). 
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7.4.2.3 Thoroughly mix 18 g Carbopak C and 18 g Celite 545 to produce a 50% 
w/w mixture. Activate the mixture at 130°C for a mini.mUiri. of 6 i..l0J.1 s. 
Store in a desiccator. 

7.5 Copper (granular)-Copper must be used within one hour ofbeing activated using the 
following procedure: .. 

7.5.1 Add sufficient copper to process the sample set (one sample uses approximately 
2 g of copper). 

7.5.2 Add sufficient reagent water to the beaker so that the water level is above the 
copper. 

7.5.3 Add an equal amount of 12N HCl to the beaker. 

7.5.4 Stir mixture for approximately 30 seconds, and then discard the liqcid into acid 
waste. 

7.5.5 Rinse copper three times each with the following (list~d in order): reagent water, 
acetone, and methylene chloride. 

7.6 Standard Solutions 

Standards purchased as solutions or mixtures with certification to their purity, 
concentration, and authenticity, or prepared from ma!crials ofknown purity and 
composition. Ifthe chemical purity is 98 percent or greater, the weight may be used 
without correction to compute the concentration of the standard. Standards should be 
stored in the dark in a freezer at·~o 0 c in screw-capped vials with fluoropolymer-linec 
caps when not being used. A mark is placed on the vial at the level of the solution so tha: 
solvent loss by evaporation can be detected. Ifsolvent loss has occurred, or the shelf life 
has expired, the solution should be replaced. 

7.6.1 Stock Standard Solutions 

7 .6.1.1 Prepared in nonane per the steps below or pmchase as dilute solutions 
(Cambridge Isotope Laboratories/CIL, Woburn, MA, or equivalent). 
Observe the safety precautions in Section 5. 

7.6.1.2 An appropriate amount ofassayed reference material is dissolved in 
solvent For example, weigh 1 to 2 mg ofPCB 126 to three significant 
figures in a 10-m.L ground-glass-stoppered volumetric flask and fill to 
the mark with nonane. After the PCB is completely dissolved, transfer 
the solution to a clean 15-mL vial·with fluoropolymer-lined cap. 
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7.6.1.3 � Stock standard solutions should be checked for signs of degradation 
prior to the preparation ofcalibration or performance test standards. 
Reference standards that can be used to determine the accuracy of 
calibration standards are available from several vendors. 

7.6.2 Precision and Recovery (PAR) Stock Solution 

Using the solutions in Section 7.6.1, prepare the PAR stock solution to contain the 
PCBs of interest at the concentrations shovrn in Table 3. When diluted, the 
solution will become the PAR spiking solution (Section 7.6.7). 

7.6.3 Internal Standard Solutions 

7.6.3.1 � Internal Standard Stock Solution 

From stock standard solutions, or from purchased mixtures, prepare this 
solution to contain the labeled interna1 standards in nonane at the stock 
solution concentrations shown in Table 3. The solution is diluted with 
acetone prior to use (Section 7.6.3.2). 

7.6.3.2 � Internal Standard Spiking Solution 

Dilute a sufficient volume of the labeled compound solution (Section 
7.6.3.1) by a factor of 500 with acetone to prepare a diluted spiking 
solution. Concentrations may be adjusted to compensate for background 
levels. Each sample requires 1.0 mL of the diluted solution, 

7.6.4 Cleanup Standard Spiking Solution 

7.6.4.1 � Prepare labeled PCBs 81 and 111 in acetone at the level shown in 
Table 3. 

7.6.4.2 � 1he cleanup standard is added to the sludge extract prior to cleanup to 
measure the efficiency of the cleanup process.· 

7.6.5 Recovery Standard(s) Spiking Solution 

Prepare the recovery standard spiking solution to contain labeled PCBs 52, 101, 
138, and 178 in nonane at the level sho'WD in Table 3. 

7.6.6 Calibration Standards (CS1 through CSS) · 

7.6.6.1 � Combine the solutions in Sections 7.6 to produce the five calibration 
solutions shown in Table 4 in nonane. 
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7.6.6.2 � Calibration standards may also be purchased already prepared in nonane 
(CIL). 

7.6.6.3 � These solutions permit the relative response factor (labeled to uative) to 
be measured as a function ofconcentration. The CS3 standard is used for 
calibration verification (VER). 

7.6.7 Precision and Recovery (PAR) Spiking Solution 

7.6.7.1 � Used for preparation oflaboratory spike samples (Section 9.5). 

7.6.7.2 � Dilute 200 µL of the PAR stock solution (Section 7.6.2) to 10 mL "w'ith 
acetone. 1.0 mL is required for each laboratory spike sample. 
Concentrations of individual PCBs may be adjusted in this solution to 
compensate for background levels. 

7.6.8 GC Retention Time Window Defining and Isomer Specificity Test Solutio:i 

7.6.8.1 � This solution is used to define the beginning and ending retention times 
for the PCB congeners and to demonstrate isomer specificity of the GC 
columns. 

7.6.8.2 � The solution must contain the compounds listed in Table 8 (CIL, or 
equivalent), at a minimum. 

7 .6.9 QC Check Sample 

Ifavailable, a QC check sample should be obtained from a source independent of 
the calibration standards. Ideally, this check sample would be a certified sta."1dard 
reference material (SRM) containing the PCBs in kno"Wll concentrations in a 
sample matrix similar to the matrix being analyzed. 

7.6.10 HPLC Fractionation Tim,e Standard·

Prepare a solution containing both 4,4'-dlcromooctafluorobiphenyl (DBOFB) and 
perylene at a_concentration level of20 µg/mL in methylene chloride. 

7.6.11 Solution Stability 

7.6.11.1 �Standard solutions used for quantitative purposes (Section 7 .6.6) should 
be analyzed periodically, and should be assayed against reference 
standards before further use. 

7.6.11.2 �Ifthe analysis yields standard concentrations that are not -within 25% of 
the true value for any PCB, the solutions will be replaced with solutions 
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that, when analyzed, yield concentrations that are within 25% of the true 
value. 

8.0 � SAMPLE COLLE~TION, PRESERVATION, STORAGE, AND �
BOLDING TIMES �

8.1 � Sample Collection 

Sewage sludge sample bottles must be equipped with a stainless steel vent to prevent 
pressure buildup. 

8.2 � Pre-Treatment/Sterilization 

Sample bottle must contain enough 1:1 HN03 to give 4% HN03 (v/v) for sterilization. 

8.3 � Sample Storage 

Maintain set:li-solid sludge samples in the dark at s4°C from the time of collection until 
receipt at the laboratory. 

8.4 � Holding Times 

8.4.1 � Samples are stored in the dark at s4°C. 

8.4.2 � Sample extracts are stored in the dark at <-10°C until analyzed. 

8.4.3 � A maximum of 30 days between sample collection and extraction, and a 
maximum of 45 days between extraction and analysis is recommended. 

9.0 � QUALIIT ASSlJRANCE/QUALITY CONTROL 

9.1 � The rninim1..1ID requirements of this method consist of spiking samples with labeled 
,;ompounds to evaluate and document analyte recovery, and preparation and analysis of 
QC samples including blanks and duplicates. Laboratory performance is compared to 
target performance criteria to establish the performance requirements of the method. 

9.2 � Labeled Compounds 

The laboratory shall spike all samples with the labeied standard spiking solutions 
{.:;1:,~~~u~ ·;.6.3.2 and 7.6.4) to assess method perfarm'"1lce OL the sample matrix. 
Recovery oflabeled standards from samples should be assessed and records should be 
maintaine<l. 
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9.2.1 � Analyze each sample according to the procedures in Section 11. Compute the 
percent recovery of the labeled standards as described in Sect.or.: i2.: ..1. 

92.2 � The recovery of each labeled compound will be compared to the target limits ir: 
Table 5. lithe r~overy of any compound falls outside oftbese hmits, the aata 
will be flagged and impact on reported concentration will be discussed in the 
reported results. 

9.3 � Laboratory Method Blanks 

9.3.1 � Prepare, extract, clean up, and concentrate a laboratory method b!ank v-it1 each 
sample batch (samples of the same matrix started through the extraction proc~~s 
on the same 12-hour shift, to a maximum of20 samples). 

9.3.2 � H any native PCB analytes {Table 1) are found in the blank at greater than 20 
percent of the concentration level found in the sample, the reported d.aUi should be 
flaggged as potentially containing some contribution from laboratory prccedures. 
H method blank contamination is severe, sample preparation and analysis 
procedures should be reviewed and reprocessing the sample set should be 
considered depending on specific project requirements. 

9.4 � QC Check Sample 

H available, analyze a QC check sample (Section 7.6.9) periodically to assure the 
accuracy of calibration standards and the overall reliability of the analytical process. It is 
suggested that the QC check sample be analyzed at least quarterly. 

9.5 � Laboratory Spike Samples 

9.5.1 � With each sample batch, spike duplicate sludge samples with PAR spiking 
solution (Section 7.6.7) and process through extraction, cleanup, and analysis 
procedures as the field samples_. 

9.5.2 � Calculate precision for the duplicate laboratory spike samples as the relative 
percent difference (RPD). The RPD shoul,d be~ SO percent. 

9.5.3 � Calculate accuracy for the laboratory spike samples by determining the percent of 
recovery ofspiked analytes. Accuracy should be within 40 - 160 percent for 
analytes spiked five times the background level of the sludge samples. 

9.6 � Method Specifications 

9.6.1. � The specifications contained in this method can be met if the apparatus used is. 
calibrated properly and then maintained in a calibrated state. 
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9.6.2 � The standards used for calibration (Section 7.6.6), calibration verification 
(Section 7.6.6.3), and for laboratory spike samples (Section 7.6.7) should be 
identical, so that the most precise results will be obtained. 

9.6.3 � A HR.GC/HRM$instrument will provide the most reproducible results if 
dedicated to the.settings and conditions required for the analyses ofPCB analytes 
by this method. 

10.0 � HRGC/HRMS CALIBRATION 

10.1 � Operating Conditions 

Establish the operating conditions necessary to meet the minimum retention times for the 
internal and recovery standards in Table 2. ·· 

10.1.1 Suggested HRGC Operating Conditions 

Injector temperature: 290°c 
Interface temperature: 290°c 
Initial temperature: 1so 0 c 
Initial time: 2min 
Temperature program: 150 to 200°c at 10°C/min; 200 to 280°C at 

2°C/min 

NOTE: All portions of the column that connect the HRGC to the ion source 
shall remain at or above the interface temperature specified above during 
.malysis to preclude condensation of less volatile compounds. 

The HRGC conditions may be optimized for compound separation and 
sensitivity. Once optimized, the same HRGC conditions must be used for the 
analysis of ail standards, bl~, and samples. 

10.1.2 High Resolution Mass Spectrometer (HRMS) Resolution 

10.1.2.1 � Obtain a selected ion current profile (SICP) of each analyte listed in 
Table 3 at the two exact m/z's specified in Table 6 and at:.?: 10,000 
resolving power by injecting an authentic standard of the PCBs 
either singly or as part of a mixture in which there is no interference 
between closely eluted components. 

10.1.2.1 � The analysi~ frm~ fnr "Pr.A!- m~:7 e:,rceed thP. 1('\ng-term mass stabilitv 
of the mass spectrometer. Because the instrument is operated in the 
high-resolution mode, mass drifts ofa few ppm (e.g., 5 ppm iL mass) 

-.. 
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can have serious adverse effects on instrument performance. 
Therefore, a mass-drift correction is mandatory and a lOCK-rr...as.: .LL1'2 

from PFK is used for drift correction. The lock-mass ru/z i.s jeper.
dent on the exact m/z's monitored within each descriptor. as sbo\\n 
in Table 6. The level of PFK. metered into the H&vlS during 
anaiyses should be adjusted so that the amplitude of the most intense 
selected lock-mass m/z signal (regardless of the descriptor nUII1ber) 
does not exceed 10 percent of the full-scale deflection for a given set 
ofdetector parameters. Under those conditions, sensitivity ch::nges 
that might occur during the analysis can be more effectively 
monitored. 

NOTE: Excessive PFK. (or any other reference substance) may cause 
noise problems and contamination of the ion source necessitating 
increased frequency of source cleaning. 

10.1.2.3 � If the HR.MS has the capability to monitor resolution during tbe 
analysis, it is acceptable to terminate the analysis when the 
resolution falls below 10,000 to save re~ysis time. 

10.1.2.4 � Using a PFK. molecular leak, tune the instrument to meet the 
minimum required resolving power of 10,000 (10 percent valley) at 
m/z 380.9760. For each descriptor (Table 6), monitor and record the 
resolution and exact m/z's of three to five reference peaks covering 
the mass range of the descriptor. The resolution must be greater tnan 
or equal to 10,000, and the deviation between the exact m/z and the 
theoretical m/z (Table 6) for each exact m/z monitored must be less 
than 5 ppm. 

10.1.3 � Ion Abtmd.ance Ratios, Minimum Levels, Signal-to-Noise Ratios, and Absolute 
Retention Times 

10.1.3.1 � Choose an injection volume of either1- or 2-µL, consistent with the 
capability of the HRGC/HRMS instrument Inject a 1- or 2-µl 
aliquot of the CS1 calibration solution (Table 4) using the GC 
conditions from Section 10. 1.1. 

10.1.3.2 � Measure the SICP areas for each analyte, and compute the ion 
abundance ratios at the exactm/z's specified in Table 6. Compare 
the computed ratio to the theoretical ratio given in Table 7. 

The exact m/z's to be monitored in each descriptor are shov.-11 i.IJ. 
Table 6. �Each group or descriptor shall be monitored in succession 
as a function ofGC retention time to ensure that all of the toxic 
PCBs are detected. Additional m/z's may be monitored in each 

19 

N-84 �

http:lOCK-rr...as


descriptor, and the m/z's may be divided among more than the 
descriptors listed in Table 6, provided that the laboratory is able to 
monitor the m/z's of all the PCBs that may elute from the GC in a 
given retention-time window . 

.~ . 
-

The mass spectrometer shall be operated in a mass-drift correction 
mode, using PFK to provide lock m/z's. The lock mass for each 
group ofm/z's is shown in Table 6. Each lock mass shall be 
monitored and shall not vary by more than ±20 percent throughout 
its respective retention time window. Variations of the lock mass by 
more than 20 percent indicate the presence of coeluting interferences 
that may significantly reduce the sensitivity of the mass 
spectrometer. Reinjection of another aliquot of the sample extract 
will not resolve the problem. Additional cleanup of the extract may 
be required to remove the interferences. 

10.1.3.3 � All PCB analytes and labeled compounds in the CSl standard shall 
be 'Within the QC limits in Table 7 for their respective ion abundance 
ratios; otherwise, the mass spectrometer shall be adjusted and this 
test repeated until the m/z ratios fall 'Within the limits specified. If 
the adjustment alters the resolution ofthe mass spectrometer, 
resolution shall be verified (Section 10.1.2) prior to repeat of the test. 

10.1.3.4 � The peaks representing the PCBs and labeled compounds ~n the CS1 
calibration standard must have signal-to-noise ratios (SIN) greater 
than or equal to 10.0. Otherwise, the mass spectrometer shall be 
adjusted and this test repeated until the peaks have signal-to-noise 
ratios (SIN) greater than or equal to 10.0. 

10.1.3.5 � Retention Time Windows-Analyze the GC retention ti.me window 
defining and isomer specificity test solution (Section 7.6.8) using the 
optimized temperature program in Section 10.1.1. Table 2 gives the 
elution order (first/last) of the window-defining compounds. 

10.1.4 Isomer Specificity 

10.1.4.1 � From the analysis of the GC retention ti.me window and isomer 
specificity test solution (Section 10.1.3.5), compute the percent 
valley between the GC peaks for PCB 123 and PCB 118, and 
between the GC peaks for PCB 156 and 157. 
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10.1.4.2 � Verify that the height of the valley between· these closely eluted 
isomers and the PCBs given in Section 10.1.4.1 is less ~~ 
25 percent. If the valley exceeds 25 percent, adjus~ ilie analyticai 
conditions and reoeat the test or replace the GC column aud 
recalibrate. 

10.2 Initial Calibration 

10.2.1 � Prepare a cahoration curve encompassing the concentration range for each 
compound to be determined. Referring to Table 2, calculate the relative 
response factors for unlabeled target analytes (RFJ relative to their appropriate 
internal staD.dard (Table 3) and the relative response factors for the 13Cu-labeled 
internal standards (RFJ using the four recovery standards (Table 3) according 
to the following formulae: 

RF = (A. I + A.') X Qil 
• (A.' +A;/) X Q. 

where: 

A/ and A/ • mm ofthe Integrated ion abw,dances o/the quantitation ions (Tables 2, 3 and 
6) /1Jr unlabeled PCBs, 

A I andA 2 • sum ofthe integrated ion abundances ofthe quantitation ions (Tables 2, 3 and t, - t, 

6) for the labeled internal standards, 
• n,m ofthe Integrated ion abundances o/the quantitation ions (Tables 2, 3 and 

6) for the recollery standard, 
• quantity ofthe internal standard injected (pg), 
• quantity ofthe recollery standard Injected (pg), and 
• quantity ofthe unlabeled PCB analyte injected (pg). 

RF. and the RF11 are dimensionless quantities; the 1111/ts 11Sed to express Q.,, Q,, and Q. 
must be the same. 

10.2.2 � Calculate the mean relative response factor values and their respective percent 
relative standard deviation (o/oRSD) for the five calibration solutions. If the 
mean relative response factors between the analytes is not within 35% RSD, the 
instrument must be re-cahorated. 

s
L RF,.(J) 
1-1RF,. = 

5 
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where n represents a particular PCB congener (n • 1 to 13; Tabk 3), and j is the 
injection or calibration solution number; O"" 1 to 5). 

.. .-·- }=1 

5 
where is represents a particular PCB internal standard (is• 14 to 23; Tabk 3), andj 
is the injection or calibration solution number; 0 -1 to 5). 

10.3 Operation Verification 

At the beginning of each 12-hour shift during which analyses are performed, 
HRGC/HRMS system performance and calibration are verified for all native PCBs and 
labeled compounds. For these tests, analysis of the CS3 calibration verification (VER) 
standard (Section 7.6.6 and Table 4) and the isomer specificity test solution (Section 7.6.8 
and Table 8) shall be used to verify all performance criteria. Adjustment and/or 
recalibration (Section 10) shall be performed until all performance criteria are met. Only 
after all performance criteria are met may samples and blanks be analyzed. 

10.3.l HRMS Resolution 

A static resolving power of at least 10,000 (10 percent valley definition) must be 
demonstrated at the appropriate m/z before any analysis is performed. Static 
resolving power checks must be performed at the beginning and at the end of 
each analysis batch according to procedures in Section 10.1.2. Corrective 
actions must be implemented whenever the resolving power does not meet the 
requirement. 

10.3.2 Calibration Verification 

10.3.2.1 � Inject the VER standard using the procedure in Section 11.12.3. 

10.3.2.2 � The m/z abundance ratios for all PCBs shall be within the limits in 
Table 7; otherwise, the mass spectrometer shall be adjusted until the 
m/z abundance ratios fall within the limits specified, and the 
verification test shall be repeated. If the adjustment alters the 
resolution of the mass spectrometer, resolution shall be verified 
(Section 10.1.2) prior to repeat of the verification test. 

10.3.2.3 � The peaks representing each n~tive PCB and labeled compound in 
the VER standard must be present with a SIN of at least 1 O; 
otherwise, the mass spectrometer shall be adjusted and the 
verification test repeated. 
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10.3.2.4 � Calculate the relative response factors (RF) for unlabeled target 
analytes [RF<11>; n = 1 to 13 from Table 3] relative to fueir ap111vIJriatt 
internal standards (Table 2), and the RFis for the 13C12-libeltci 
internal standards [RF(is); is= 14-23] relative to the recover,; 
stal;ldards (Table 2) using the equations shown in Section 10.2.1. 

10.3.2.S � For each compound, compare the relative response factor with those 
generated in the initial calibration. Relative response factors snould 
be 'Within 35 percent ofinitial calibration results for 70% of the 
analytes for the calibration to be verified. Once verified, analysis of 
standards and sample extracts may proceed. If, however, fewer than 
70% ofthe response factors are within the 35% limit, the 
measurement system is not performing properly for those 
compounds. In this event, prepare a fresh calibration standard or 
correct the problem causing the failure and repeat the resolution 
(Section 10.3.1) and calibration verification (Section 10.3.2) tests, or 
recalibrate (Section 10). Per the analyst's discretion, results may 
also be reported for these analytes using the average calibration 
verification response factors bracketing the samples rather than the 
_mean response factor generated in the initial calibration. If this 
option is chosen, data reported using an average calibration 

_ verification response factor should be flagged and discussed in tlle 
final report. 

10.3.3 Retention Times 

The absolute retention times of the GC/MS internal standards in the calibration 
verification shall be 'Within ±15 seconds of the retention times obtained during 
initial calibration. 

10.3.4 HRGC Resolution 

10.3.4.1 � Inject the QC retention tiine window defining and1somer specificity 
test solution (Section 7 .6.8). 

10.3.4.2 � Thevalleyheightbetw~PCBs 123 and 118 atm/z 325.8804 shall 
not exceed 25 percent, and the valley height between PCBs 156 and 
157 shall not exceed 25 percent at m/z 359.8415 on the GC 
columns. 

10.3.4.3 � If the absolute retention time ofany compound is not within the 
limits specified or if the congeners are not resolved, the GC is not 
performing properly. In this event, adjust the GC and repeat the 
calibration verification test or recalibrate, or replace the GC column 
and either verify calibration or recalibrate. 
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where n represents a particular PCB congener (n ""1 to 13; Table 3), andj is the 
injection or calibration sobai.on number; (j "" 1 to 5). 

... " 
J=l

RFIS ·== 
5 

where is represents a particular PCB internal standard (is• 14 to 23; Table 3), andj 
is the injection or calibration solution number; (j -1 to 5). 

10.3 Operation Verification 

At the beginning of each 12-hour shift during which analyses are performed, 
HR.Ge/HR.MS system performance and calibration are verified for all native PCBs and 
labeled compounds. For these tests, analysis of the CS3 calibration verification (VER) 
standard (Section 7.6.6 and Table 4) and the isomer specificity test solution (Section 7.6.8 
and Table 8) shall be used to verify all performance criteria Adjustment and/or 
recalibration (Section 10) shall be performed until all performance criteria are met. Only 
after all performance criteria are met may samples and blanks be analyzed. 

1C.3.1 HRMS Resolution 

A static resolving power of at least 10,000 (10 percent valley definition) must be 
demonstrated at the appropriate m/z before any analysis is performed. Static 
resolving power checks must be performed at the beginning and at the end of 
each analysis batch according to procedures in Section 10.1.2. Corrective 
actions must be implemented whenever the resolving power does not meet the 
requirement. 

10.3.2 Calibration Verification 

10.3.2.1 � Inject the VER standard using the procedure in Section 11.12.3. 

10.3.2.2 � The m/z abundance ratios for all PCBs shall be 'Within the limits in 
Table 7; otherwise, the mass spectrometer shall be adjusted until the 
m/z abundance ratios fall 'Within the limits specified, and the 
verification test shall be repeated. If the adjustment alters the 
resolution of the mass spectrometer, resolution shall be verified 
(Section 10.1.2) prior to repeat of the verification test. 

10.3.'.?..3 � The peaks representing each native PCB and labeled compound in 
the VER standard must be present 'With a SIN of at least 1O; 
otherwise, the mass spectrometer shall be adjusted and the 
verification test repeated. 
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10.3.2.4 � Calculate the relative response factors (RF) for unlr.beled target 
analytes [RFCn); n = 1 to 13 from Table 3] relativ~ to tiJ.eir ap1J1v!Jriate 
internal standards (Table 2), and the RFis for the 13C12-Iabeltci 
internal standards [RF(i,); is= 14-23] relative to the recover,; 
st~ards (Table 2) using the equations shown in Section 10.2.1. 

10.3.2.S � For each compound, compare the relative response factor with those 
generated in the initial calibration. Relative response factors snould 
be within 35 percent of initial calibration results for 70% of the 
analytes for the calibration to be verified. Once verified, analysis of 
standards and sample extracts may proceed. If, however, fower than 
70% ofthe response factors are within the 35% limit, the 
measurement system is not performing properly for those 
compounds. In this event, prepare a fresh calibration standard or 
correct the problem causing the failure and repeat the resolution 
(Section 10.3.1) and calibration verification (Section 10.3.2) tests, or 
recalibrate (Section 10). Per the analyst's discretion, results may 
also be reported for these analytes using the average calibration 
verification response factors bracketing the samples rather than the 
_mean response factor generated in the initial calibration. If this 
option is chosen, data reported using an average calibration 

_verification response factor should be flagged and discussed in the 
final report. 

10.3.3 Retention Times 

The absolute retention times of the GC/MS internal standards in the calibration 
verification shall be within ±15 seconds of the retention times obtained du.-ing 
initial calibration. 

10.3.4 HR.Ge Resolution 

10.3.4.1 � Inject the QC retention time window defining and "isomer specificity 
test solution (Section 7 .6.8). 

10.3.4.2 � The valley height betweep PCBs 123 and 118 at m/z 325.8804 shall 
not exceed 25 percent, and the valley height between PCBs 156 and 
157 shall not exceed 25 percent at m/z 359.8415 on the GC 
columns. 

10.3.4.3 � If the absolute retention time ofany compound is not within the 
limits specified or if the congeners are not resolved, the GC is not 
performing properly. In this event, adjust the GC and repeat the 
cahoration verification test or recalibrate; or replace the GC column 
and either verify calibration or recalibrate. 
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10.4 � Data Storage 

MS data shall be collected, recorded, and stored. 

10.4.1 � Data Acquisiti_on 

The signal at each exact m/z shall be collected repetitively throughout the 
monitoring period and stored on a mass storage device: 

10.4.2 � Response Factors and Multipoint Calibrations 

The data system shall be used to record and maintain lists ofresponse factors 
and multipoint calibration curves. Computations ofrelative standard deviation 
(coefficient ofvariation) shall be used to test calibration linearity. 

11.0 	 PROCEDURE 

11.1 � Sample preparation involves mixing the wet sludge sample with a drying agent so that the 
toxic PCBs can be extracted efficiently. For samples known or expected to contain high 
levels of the PCBs, the smallest sample size representative of the entire sample should be 
used. With each sample set, a laboratory method blank and duplicate laboratory spike 
samples must be processed through the same steps as the sample to check for 
contamination and losses in the preparation processes. Percent moisture is determined 
using the procedures in Section 11.2, and a 2 g sample aliquot (wet weight) is extracted as 
described in Section 11.3 .. 

11.2 � Percent Moisture Determination 

Note: � This aliquot is used for determining the moisture content of sewage sludge 
samples and not for determination ofPCBs. 

11.2.1 � Weigh or tare a weighing pan or beaker to three significant figures 

11.2.2 � Transfer 10.0 ± 0.02 g of well-mixed sample to the pan or beaker 

11.2.3 � Weigh and record the wet sample plus beaker 

11.2.4 � Dry the sample for a minimum of 12 hours at 110 ± 5°C and cool in a 
desiccator until the sample has equilibrated to room temperature. Weigh the dry 
sample plus beaker. 
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11.2.5 � Calculate percent moisture as follows: 

.,,. -w 
" molmlre = !(en P >< 100 

106 

where: 

W~- • weight ofsample plus beaker before drying (G), 
W..,_. • weight ofsampkplus beaker after drying (g), 

11.3 Preparation of Sewage Sludge Samples 

11.3.1 � Weigh a well-mixed 2.0 g aliquot of the wet sludge sample into a clean bea.1<:er 
or glass jar. 

11.3-.2 � Spike the diluted labeled internal standard solution (Section 7.6.3.2) into the 
sample. 

11.3.3 � For each sample or sample batch (to a maximum of20 samples) to be extracted 
during the same 12 hour shift, prepare a laboratory method blank by spiking the 
internal standard solution into an empty, clean beaker otglass jar. 

11.3.4 � If a laboratory spike sample is being prepared, add 1 mL of the PAR spiking 
solution at this time. 

11.3.5 � Stir or tumble, and then equilibrate the aliquots for 1 to 2 hours. 

11.3.6 � Homogenize the sample into a slurry using a glass rod. 

11.3.7 � Mix the slurry with sufficient drying agent (Section 7.2.3) to provide a l: 1 ratio 
(2 g), and extract the mixture using the Soxhlet procedure described in 
Section 11.4.1. 

11.4 Extraction and Concentration 

The sewage sludge sample is extracted using the Soxhlet technique. Macro-concentration 
procedures include rotary evaporation, Turbovap, and Kuderna-Danish (K-D) 
evaporation. Micro-concentration uses nitrogen blowdown. 

11.4.1 Soxhlet Extraction 

11.4.1.1 � Place a clean extraction thimble (Section 6.3 .1.2) in a clean 
extractor. 
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11.4.1.2 � Place 30 to 40 mL ofmethylene chloride in the receiver and 200 to 
250 mL ofmethylene chloride in the flask. 

11.4.1.3 � Load the sample mixture into the thimble. For laboratory method 
b~ and spikes, rinse the contents of the beaker or glass jar four 
times with methylene chloride. Add the rinses to the extractor. 

11.4.1.4 � Reassemble the Soxhlet apparatus, and apply power to the heatmg 
mantle to begin extracting. Frequently check the apparatus for 
foaming during the first 2 hours of extraction. If foaming occurs, 
reduce the extraction rate until foaming subsides. 

11.4.1.5 � Extract the sample for a total of 16 to 24 hours. Cool and 
disassemble the apparatus. 

11.4.1.6 � Concentrate the extract to approximately 10 mL; split the sample 
extract into two equal portions (5 mL each). Transfer 5 mL of the 
extract to a glass storage vial with a PTFE lined cap. Label the 
extract, mark the liquid level on the vial with a permanent marker to 
ID:onitor solvent evaporation during storage, and store at Q_°C. 

11.4.1.7 � Solvent exchange the other halfof the extract (5 mL) into hexane by 
adding 10 mL of hexane, concentrating down to 1 mL using K-D 
evaporation, adding 10 mL hexane, and concentrating down again to 
2 m.L. Transfer the extract with three.aliquots (15 mL each) of 
hexane into a 250-mL separatory funnel. Proceed to Section 11.5 to 
start cleanup procedures. 

11.5 � Acid and Base Partitioning 

11.5 .1 Spike 1.0 mL of the cleanup standard (Section 7.6.4) into the separatory funnels 
cor:taining the sample, laboratory method blank, and duplicate laboratory spike 
sample extracts from Section 11.3. . 

11.5.2 � Partition the extract against 50 mL of sulfuric acid (Section 7 .1.2). Shake for 2 
minutes with periodic venting into a hood. Remove and discard the aqueous 
layer. Repeat the acid washing until no color is visible in the aqueous layer to a 
maximum of four washinfc;. 

11.5.3 Partition the extract against 50 mL of sodium chloride solution (Section 7.1.4) 
in the same way as with the acid. Discard the aqueous layer. 

11.5.4 � Partition the extract against 50 mL ofpotassium hydroxide solution (Section 
7.1.1) in the same way as with the acid. Repeat the base washing until no color 
is visible in the aqueous layer to a maximum of four washings. Minimize 

-
26 

N-91 



contact time between the extract and the base to prevent degradation of the 
PCBs. 

11.5.5 � Repeat the partitioning against sodium chloride solution two more times. each 
time discarding the aqueous layer. 

11.5.6 � Pour each extract through a drying column containing 7 to 10 cm of granular 
anhydrous sodium sulfate (Section 7.2.1). Rinse the separatory funnel with 30 to 
50 m.L of solvent, and pour through the drying column. Collect each extract ill a 
round-bottom flask. 

11.5.7 � Concentrate the extract to 1 mL using eitherrotovap, K-D concent:ation, or 
Turbovap (Section 11.6). After concentration, proceed to Section 11. 7 for sulfur 
cleanup. 

11.6 � Macro-Concentration-Extracts in methylene chloride or n-hexane are concentrated 
using rotary evaporation, a Kudema-Danish, or Turbovap apparatus. 

11.6.1 Rotary evaporation-Concentrate the extracts in separate round-bottom flasks. 

NQ!.~: Improper use of the rotary evaporator may cause contamination of the 
sample extract 

11.6.1.1 � Assemble the rotary evaporator according to manufacturer's 
instructions, and warm the water bath to 45 °C. On a daily basis, 
preclean the rotary evaporator by concentrating 100 mL of clean 
extraction solvent through the system. Archive both the concentrated 
solvent and the solvent in the catch flask for a contamination check if 
necessary. Between samples, use three 2- to 3-mL aliquots of 
solvent to rinse the feed tube between samples. Collect waste in a 
waste beaker. 

11.6.1.1 � Attach the i:ound-bottom flask containing the sample extract to lhe 
rotary evaporator. Slowly apply vacuum to the system, and begin 
rota.ting the sample.flask. 

-
11.6.1.3 � Lower the flask into the water bath, and adjust the speed of rotation 

and the temperature as required to complete concentration in 15 to 20 
minutes. At the proper rate ofconcentration, the flow ofsolvent into 
the receiving flask must be steady, with no bumping or visible 
boiling ofthe extract occuning. 

Note: If the rate ofconcentration is too fast, analyte loss may occur. 
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11..6 .1.4 � When the liquid in the concentration flask has reached an apparent 
volume of approximately 2 mL, remove the flask from the water bath 
and stop the rotation. Slowly and carefully admit air into the system. 
Be sure not to open the valve so quickly that the sample is blown out 
of the flask. Rinse the feed tube with approximately 2 mL of solvent. 

11.6.2 � Kuderna-Danish (K-D)-Concentrate the extracts in separate 500-mL ~-D 
flasks equipped with 10-mL concentrator tubes. The K-D technique is useJ for 
solvents such as methylene chloride and n-hexane. 

11.6.2.1 � Add 1 to 2 clean boiling chips to the receiver. Attach a three-ball 
macro-Snyder column. Pre-wet the column by adding approximately 
1 mL of solvent through the top. Place the K-D apparatus in a hot 
water bath so that the entire lower rounded surface of the flask is 
bathed with steam. 

11.6.2.2 � Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 15 to 20 
minutes. At the proper rate of distillation, the balls of the column 
will actively chatter but the chambers will not flood. 

11.6.2.3 � When the liquid has reached an apparent volume of 1 mL, remove 
the K-D apparatus from the bath and allow the solvent to drain and 
cool for at least 10 minutes. 

11.6.2.4 � Remove the Snyder column and rinse the flask and its lower joint 
into the concentrator tube with 1 to 2 mL of solvent. A 5-mL syringe 
is recommended for this operation. 

11.6.2.5 � Remove the three-ball Snyder column, add a fresh boiling chip, and 
attach a two-ball micro-Snyder column to the concentrator tube. Pre
wet the column by adding approximately 0.5 mL of solvent through 
the top. Place the apparatus in the hot water bath. 

11.6.2.6 � Adjust the vertical position and the water temperature as required to 
complete the concentration in 5 to 10 minutes. At the proper rate of 
distillation, the balls of the column will actively chatter but the 
chambers will not flood. 

11.6.2.7 � When the liquid reaches an apparent volume of0.5 mL, remove the 
apparatus from the water bath and allow to drain and cool for at least 
10 minutes. 
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11.6.3 � Turbovap -Concentrate the extracts in separate 250-m.L Turbotubes. The 
Turbovap technique is used for solvents such as methylenr cb.>:.>i~G:> .;r0 r_-],_e::~F:. 

11.7 � Sulfu: Cleanup 

11.7.1 Add approxiniately 2 g of clean copper (Section 7 .5) to a centrifuge tube. 

-
11.7 .2 � Vigorously mix the extract and the copper powder for at least 1 minute. 

11.7 .3 � Allow the extract to react with the copper powder for 1 hour. 

11.7.4 � Separate the extract from the copper by drawing off the extract with a 
disposable pipet and transfer to a clean concentrator vial. Rinse the copper 
powder with three additional 5-mL aliquots ofn-hexane and add rinses to the 
vial. 

11.7 .5 The extract is concentrated to 1 mL. Proceed to Section 11.8 for silica gel 
cleanup. 

11.8 � Silica Gel Cleanup 

11.8.1 � Place a glass-wool plug in a 15-mm ID chromatography column 
(Section 6.5.2.2). Pack the column bottom to top with 1 g silica gel 
(Section 7.4.11), 4 g basic silica gel (Section 7.4.1.3), 1 g silica gel, 8 g acid 
silica gel (Section 7.4.1.2), 2 g silica gel, and 4 g granular anhydrous sodium 
sulfate (Section 7.2.1). Tap the column to settle the adsorbents. 

11.8.2 � Pre-elute the column with 50 to 100 mL ofn-hexane. Close the stopcock whei: 
then-hexane is within 1 mm of the sodium sulfate. Discard the eluate. Check 
the column for channeling. If channeling is present, discard the column and 
prepare another. 

·- 11.8.3 � Apply me concentratecl extract to the column. Open the stopcock until the 
extract is within 1 mni of the sodium sulfate. 

11.8.4 � Rinse the receiver twice with 1-mL portions ofn-bexane, and apply sepa.."'ately 
to the column. Elute the PCBs with 75 mL ofn-hexane and collect the eluate. 

11.8.5 � Concentrate the eluate per Section 11.6 and proceed to Section 11.9 for carbon 
column cleanup. 

11.8.6 � For extracts ofsamples known to contain large quantities of other organic 
compounds, it may be advisable to increase the capacity of the silica gel 
column. This may be accomplished by increasing the strengths of the acid and 
basic silica gels. The acid silica gel (Section 7 .4.1.2) may be increased in 

.. , ..., 
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str.ength to as much as 44% w/w (7.9 g sulfuric acid added to 10 g silica gel). 
The basic silica gel (Section 7.4.1.3) may be increased in strength to as much as 
33% w/w (50 mL lNNaOH added to 100 g silica gel). Additional acid silica 
( only) columns may be used until the extract has no appearance of color. 

11.9 � Carbon Column Clemfip 

11.9.1 Cut both ends from a 50-mL disposable serological pipet (Section 6.5.1.2) to 
produce a 20-cm column. Fire-polish both ends and flare both ends if desired. 
Insert a glass-wool plug at one end, and pack the column with 3.6 g of 
Carl:opak/Celite (Section 7 .4.2.3) to form an adsorbent bed 20 cm long. Insert a 
glass-wool plug on top of the bed to hold the adsorbent in place. 

11.9.2 � Pre-elute the column with 20 mL each in succession ofmethylene chloride, and 
n-hexane. 

11.9.3 � When the solvent is within 1 mm of the column packing, apply then-hexane 
sample extract to the column. Rinse the sample container twice with 1-mL 
portions ofn-hexane and apply separately to the column. Apply.2 mL ofn
hexane to complete the transfer. 

11.9.4 � Elute the column with 25 mL ofn-hexane and collect the eluate. This fraction 
will contain the mono- and di-ortho PCBs. 

11.9.5 Elute the column with 15 mL ofmethanol and archive the eluate. This fraction 
will contain residual lipids and other potential interferents, ifpresent. 

11.9. 6 Elute the column with 15 mL of toluene and collect the eluate. This :fraction will 
contain PCBs 77, 126, and 169. 

11.9.7 � Combine the first and third fractions. If carbon particles are present in the 
combined eluate, filter through glass-fiber filter paper. 

11.9.8 � Concentrate the combined elute to 1·mL using rotary evaporation, K-D, or 
Turbovap (Section 11.6). 

11.9.9 	 Proceed to Section 11.10 for HPLC/GPC cleanup. 

11.10 � High Performance Liquid Chromatography (HPLC)/Gel Permeation Chromatography 
(GPC) . 

11.10.1 GPC columns 

Purchased pre-packed (see Section 6.5.3.7). 
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11.10.2 HPLC fractionation time determination 

11.10.2.1 � Analyze the HPLC fractionation time standard (Seeton 7 .5.10) at 
least twice. If the RT differences between runs is e:reater than 0.1 

..,min, reanalyze until acceptable RTs are obtained from two 
~onsecutive runs. 

11.10.2.2 � Set the collection window to allow for the collection of solvent 
between 0.5 minutes after the elution time ofDBOFB to 0.5 
minutes after the elution time ofperylene (Section 7.7). 

11.10.2.3 � The collection window should allow for the inclusion ofPCBs 
from the extract, while eJirninating contaminants such as lipids and 
sulfur. 

11.10.2.4 � Verify the calibration every 10 to 12 samples. 

11.10.3 � Extract cleanup 

11.10.3.1 � Filter the extract to remo"!'.e any particulates. 

11.10.3.2 � Load the extract onto the autosampler and inject 600 µL onto the 
HPLC. 

11.10.3.3 � Elute the extract using the calibration data determined in 
Section 11.10.2. 

11.10.3.4 � Collect the eluate iri a clean 60 mL .fraction collector vial/tube. If a 
particularly dirty extract is encountered, a methylene chloride 
blank shall be run through the system to check for carry-over. 

11.10.3.5 � Proceed to Section 11.11 for concentration to final volume. 

11.11 Concentration to Final Volume 

11.11.1 � The extract is concentrated in a calibrated concentrator tube t9 a final volume 
of20 µL to 1 mL, per the analyst's discretion, under a gentle stream of 
nitrogen. A final extract volume of 150 µLis recommended based on the 
limited method demonstration. 

11.11.2 � Add 15 µL of the recovery standard spiking solution (Section 7.6.5) to the 
sample extract. 
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11.12 HRGC/HRMS .A.nalysis 

11.12.1 � Establish the operating conditions given in Section 10.1, perform initial 
calibration ifnecessary (Section 10.2), or verify calibration (Section 10.3). 

11.12.2 � If an extract is to be reanalyzed and evaporation has occurred, do not add more 
recovery standard solution. Instead, bring the extract back to its previous 
volume (e.g., 19 µL, or 18 µL if2 µL injections are used) with pure nonane. 

11.12.3 � Inject 1.0 or 2.0 µL of the concentrated extract containing the recovery 
standard solution, using on-column or splitlcss injection. The volume injected 
must be identical to the volume used for calibration (Section 10.1.3.1). 

11.12.4 � Start the HRGC column initial isothermal hold upon injection. Start HRMS 
data collection after the solvent peak clutes. Stop the data collection after the 
13C12-PCB 209 has eluted. Return the column to the initial temperature for 
analysis of the next extract or standard. 

12.0 DATA ANALYSIS AND CALCULATIONS 

12.1 � Qualitative Determination 

A PCB analyte or labeled compound is identified in a standard, blank, or sam:,le when 
all of the criteria in Sections 12.1.1 through 12.1.4 are met. If the criteria for 
identification in Sections 12.1.1-12.1.4 are not met, the PCB analyte has not been 
positively identified. If interferences preclude identification, an estimated maximum 
possible :::oncentration (EMPC) can be reported (Section 12.2.6), or a new aliquot of 
sample may be extracted, further cle~ed up, and analyzed. 

12.1.1 � Tne signals for the two exact m/z's in Table 6 must be present and must 
maximize within the same two seconds. 

12.1.2 � The signal-to-noise ratio (SIN) for the GC peak at each exact m/z must be 
greater than or equal to 2.5 for each PCB detected in a sample extract, and 
greater than or equal to 10 for all PCBs in the calibration standard (Section 
7.6.6). 

12.1.3 � The ratio of the integrated areas of the two exact m/z's specified in Table 6 
must be within the limit in Table 7, or within ±10 percent of the ratio in the 
midpoint (CS3) caboration or caboration verification (VER), whichever is 
most recent. 
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12.1.4 � The relative retention time of the peak for a toxic PCB. must be within ± 15 
seconds of the retention times obtained during calibration. 

1'2.? Qumtitative DP-tem,ination 
.. ~ ,, 

12.2.1 � For gas chromatographic peaks that have met the criteria outlined in Section 
12.1, calculate the concentration of the PCB compounds in the extact, using 
the formula: 

where: 

C.., • concentration ofunlabeled PCB congeners in the sample (pg.lg, dry weight), 
A.., • nun ofthe inUgrated ion abundances ofthe quantitation ions (T.ibles 2, 3 and 

6) for unlil.beled PCBs, 
• sum o/the integrated ion abundances ofthe quantilation ions (Tables 2, 3 andA 11 

6) for the labeled internal standards, 
• quantity, in pg, ofthe internal standard added to the sample before extraction,Q0 

RF. • calculllted mean relative response/actor for the analyte (RF.with n=J to 13; 

Section 10.2.1), 
W, • weight ofsample extracted (g, dry weight), 

12.2.2 � Calculate the percent recovery of the internal standards measured in the sampie 
extract, using the formula: 

A X Q 
Percent recovery = ls rs x 100 

Q. xA xRFts 
IS TS 

where: 

A;, • sum ofthe integrated ion abundances ofthe quantitation ions (Tables 2, 3 
tutd 6) for the labeled internal standard, 

An • · sum ofthe integrated ion abundances ofthe qututtilation ions (Tables 2, 3 
tutd 6) / or the labeled recoYery standard, 

Q., • qulllltity, in ng, ofthe internal standard added to the sample before 
Ddrtu:tiDn, 

Q,, • quantity, be ng, ofthe rUO't1ff'Y stlllldlzrd tUJded to the deaned sample 
mract before HRGCIBRMS analysis, tutd 

RF,. • cakula:ted mean re/Jzth,e nsponsefactor for the labeled internal standard 
rellltive to the appropruzu ncoYery standard. This represents the mean 

obtained us Section 10.2.2 ( RF,. with is• 14 to 23, Table 3), 
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The percent recovery of the cleanup standards is calculated similarly. 
The percent recovery should meet the criteria shown in Table 5. If 
recoveries are outside the limits ofTable 5, the data should be flagged 
and the impact on reported results discussed in the final report. 

.... ~ 

12.2.3 � Outside Calibiation Range 

12.2.3.1 � lfthe SICP area at either quantitation m/z for any compound exceeds 
the calibration range of the system, the extract must be diluted and 
re-analyzed. 

12.2.3.2 � Dilute the sample extract by a factor of 10, adjust the concentration 
of the recovery standard to 100 pglµL in the extract, and analyze an 
aliquot of this diluted extract. 

12.2.4 � Estimated Detection Limit (EDL) 

2.5 (Hls + H2s) (Q;s) EDL (pg I g) = �_______,__,__ 
(Hlis + H2is) ( RFnJ (Ws) 

where: 

HJ, and H2, -= The heights oftl,e noise where the primary and secondary mlz 's 
for the PCBs would elute. 

HJ0 and H211 .. The heights ofthe response ofthe primary and secondary mlz's 
for the internal standard, 

And Qi,, RF., and W, are as described in Section 12.2.1. 

12.2.5 � Estimated Maximum Possible Concentration (EMPC) 

'When the response of a signal having the same retention time as a toxic PCB 
congener has a SIN in excess of 2.5 and does not meet all of the other qualitative 
identification criteria listed in Section 12.1 calculate an Estimated Maximum 
Possible Concentration (EMPC). The E:MPC is calculated using the equation in 
Section 12.2.1, except that~ should represent the sum of the area under the 
SI!laller peak and of the other peak area calculated using the theoretical chlorine 
isotope ratio. The value shall be noted as EMPC and the results reported. 

12.2.6 � Results are reported to three significant figures for the PCBs and labeled 
cc,mpounds found in all standards, blanks, and samples. 

Note: Reported results will not be adjusted for field or laboratory blank levels. 
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12.2.6.1 Sewage Sludge-Report results in pg/g based on the dry weight of 
the sample. 

12.2.6.2 Blanks-Report results above the EDL. Do not blank-correct results. 
If a blank accompanying a sample result shows i.:ontaminat::on above 
th~-EDL for the congener, flag the sample result and report the 
results for the sample and the accompanying blank. 

12.2.6.3 Dilutions (Section 12.2.3.2) 

Results for PCB analytes in samples that have been diluten; for this 
EPA project, both the undiluted and diluted PCB results are to be 
reported, whether or not all of the analytes are within the calibration 
range. 

12.2.6.4 Non-Detects 

Note the non-detected PCB analytes as ND and report the estimated 
detection limit established during the analysis 

13~0 METHOD PERFORMANCE 

13 .1 In a limited single laboratory demonstration of this method for sewage sludge samples, 
estimated detection limits of approximately 40 pg/g were achieved for pentachlorinated 
biphenyl (PeCB); 65 pglg for hexachlorinated biphenyl (Rx.CB); and 55 pg/g for 
heptachlorinated biphenyl (HpCB). 

13.2 Interlaboratory testing of this method to determine overall precision and bias has not bee:'. 
performed. 

14.0 POLLUTION PREVENTION 

None. 

15.0 WASTE MANAGEMENT 

PCB waste should be disposed of according to Toxic Substances Control Act (TSCA) 
guidelines 40CFR 700-789, and hazardous waste should be disposed ofaccording to 
Resource Conservation and Recovery Act (RCRA) guidelines_ 40CFR 260-269. 
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17.0 TABLES AND FIGURES �

Table 1. Toxic Polychlorinated Biphenyls Determined by High Resolution Gas Cluor:::i:1Jg:_-zp\: �
(HRGC)/High Resolution Mass Spectrometry (HRMS) 

'PCB1 
..Target Analytes 

3,3',4,4'-TCB �
2,3,3',4,4'-PeCB �
2,3,4,4',5-PeCB �
2,3',4,4',5-PeCB �
2',3 ,4,4' ,5-PcCB �
3,3',4,4',5-PeCB �
2,3,3',4,4',5-HxCB �
2,3,3',4,4',5'-HxCB �
2,3',4,4',5,5'-HxCB �
3,3',4,4',5,5'-HxCB �
2,2',3,3',4,4',5-HpCB �
2,2',3,4,4',5,5'-HpCB �
2,3,3',4,4',5,5'-HpCB �
Internal Standards 
3,3',4,4'-TCB �
2,3,3',4,4'-PeCB �
2,3,4,4',5-PeCB �
2,3',4,4',5-PcCB �
2',3,4,4',5-PcCB �
3,3',4,4',5-PeCB �
2,3,3',4,4',5-HxCB �
2,3,3',4,4',5'-HxCB �
2,3',4,4',5,5'-HxCB �
3,3',4,4',5,5'-HxCB �
2,2',3,3',4,4',5-HpCB �
2,2' ,3,4,4' ,5 ,5'-HpCB �
2,3,3',4,4',5,5'-HpCB �
Qeanup Standards 
13C12-3,4,4',5-TCB 
13C,2-2,3,3',5,5'-PeCB 
Recovery Standards 
13C12-2,2' ,5,5'-TCB �
13Cu-2.2',4,4,5'-PeCB�
13Cu-2.2',3,4,4',5'-HxCB�
13Cu-2.2',3,3',5,5',6-HpCB �
Final Eluter Standard 
13Cu-DCB 

' Polychlormatcd biphenyls: 
TCB • Tetrachlorobiphenyl 
PcCB • Pentachlorobiphcnyl 
HxCB • Hex.achlorobiphcnyl 
HpCB • Heptachlorobiphenyl 
DCB • Decachlorobiphcnyl 

Native compound �
CAS Registry No. �

32598-13-3 
32598-14-4 
74472-37-0 
31508-00-6 
65510-44-3 
57465-28-8 
38380-08-4 
69782-90-7 
52663-72-6 
32774-16-6 
35065-30-6 
35065-29-3 
39635-31-9 

160901-67-7 
160901-70-2 
160901-72-4 
160901-73-5 
160901-74-6 
160901-75-7 
160901-77-9 
160901-78-0 
161627-18-5 
160901-79-1 
160901-80-4 
160901-82-6 
160901-83-7 

160901-68-8 
160901-71-3 

160901-66-6 
160901-69-9 
160901-76-8 
160901-81-5 

160901-84-8 

IL~-,.... 
£ ........ �

No.1 

77 
105 
114 
118 
123 
126 
156 
157 
167 
169 
170 
180 
189 

77L 
105L 
114L 

. 118L 
123L 
126L 
156L 
157L 
167L 
169L 
170L 
180L 
189L 

81 
111 

52 
101 
138 
178 

209 

2 Suffix "L" designates a labeled compound. 
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Table 2. Retention Time (RT) References, Quantitation References, and Retention Times 
(RTs) for the Toxic PCBs 

IUPAC �
No.1 PCB congener �

52L 13C12-2,21,s;s1-TCB 
81L 13C12-3,4,4',5-TCB' 
77L 13Cl2-3,3',4,4'-TCB 
77 3 3',4,4'-TCB 
101L 13Cl2-2,2',4,5,5':.pcCB 
1llL l 3Cl2-2,3,3 ',5,5'-PcCB' 
123 2',3,4,4',5-PcCB 
118L 13Cl2-2,3',4,4',S-PcCB 
118 2,3',4,4',S-PeCB 
114 2,3,4,4',5-PeCB 
1051 13Cl2-2,3,3',4,4'-PeCB 
105 2,3,3',4,4'-PeCB 
126L 13Cl2-3,3',4,4',5-PcCB 
126 3,3',4,4',5-PcCB 
138L 13Cl2-2,2',3,4,4',5'-HxCB 
167L 13C12-2,3',4,4',5,5'-HxCB 
167 2,3',4,4',5,5'-HxCB 
156L 13C12-2,3,3',4,4',5-HxCB 
157L 13C12-2,3,3',4,4',5'-HxCB 
156 2,3,3',4,4',5-HxCB 
157 2,3,3',4,4',5'-HxCB 
169L 13Cl 2-3,3',4,4',5,5'-HxCB 
169 3,3',4,4',5,5'-HxCB 
i78L 13Cl2-2,2',3,3',5,5',6-HpCB 
180L 13C12-2,2',3,4,4',5,5'-HpCB 
180 2,2',3,4,4',5,5'-HpCB 
170 2,2',3,3'.4,4',5-HpCB 
189L 13C12-2,3,3',4,4',5,5'-HpCB 
189 2,3,3',4,4',5,5'-HpCB 
209L 1~C12-DCB' 

1 Suffix "L" indicates labeled compound. 

WPAC 
No.1 

3 

52L 
52L 
77L 

lOlL 
118L 
lOlL 
118L 
105L 
101L 
105L 
lOlL 
126L 

138L 
167L 
138L 
138L 
156L 
157L 
138L 
169L 

178L 
180L 
180L 
l78L 
189L 
178l 

Retention time :md 
guantitation reference 

13C12-2,2',5,5'-TCB 
13C 12-2,2',5,5'-TCB 
13C12-2,2',5,5'-TCB 
13C12-3z3'z4z4'-TCB 
13C12-2,2',4,5,5'-PcCB 
13C12-2,2',4,S,5'-PcCB 
13Cl2-2,3',4,4',5-PcCB 
13Cl2-2,2',4,5,S'-PcCB 
13Cl2-2,3 ',4,4' ,5-PeCB 
13C 12-2,3,3 ',4,4 '-PeCB 
l 3C 1_2-2,2',4,5 ,5'-PeCB 
13C12-2,3,3',4,4'-PcCB 
13C12-2,2',4,S,S'-PcCB 
13Cl2-3z3',4,4',5-PcCB 
13C12-2,2',4,5,5'-PcCB 
13Cl2-2,2',3,4,4',5'-HxCB 
13C12-2,3',4,4',5,5'-HxCB 
13C12-2,2',3,4,4',5'-HxCB 
13Cl2-2,2',3,4,4',5'-HxCB 
13C 12-2,3,3 ',4,4',5-HxCB 
13Cl2-2,3,3',4,4',5'-HxCB 
13Cl2-2,2',3,4,4',5'-HxCB 
13C12-323',4,4',5 15'-HxCB 
13Cl2-2,2',4,5,5'-PcCB 
13C12-2,2',3,3',5,5',6-HpCB 
13C12-2,2',3,4,4',5,5'-HpCB 
13C12-2,2',3,4,4',5,5'-HpCB 
13C12-2,2',3,3',5,5',6-HpCB 
13Cl2-2,3,3',4,4',5,5'-HpCB 
l3CJ 2-2,2',3 3',5,5',6-HpCB 

RT2 
. 

{min2 

28.66 
37.89 
38.85 
38.85 
35.02 
37.13 
39.90 
40.17 
40.17 
40.79 
42.22 
42.22 
44.75 
44.75 
43.23 
45.72 
45.72 
47.37 
47.79 
47.37" 
47.79 
50.25 
50.25 
42.88 
47.88 
47.88 
49.90 
52.56 
52.56 
56,63 

2 Rctentior: tin:c data arc for lIT-8 column (per manufacturer). �
3 Internal standards. �
4 Cleanup standard. �
5 Final eluter. �
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Table 3. Concentrations of Stock and Spiking Solutions Containing the Native PCBs &nd 
Labeled Compounds 

Spiking Spiking 
m/z Stock.3 Solution1 Level 

Cpd.No. Compound .... . . . 
type (ng/mL) (ng/m.L) (ng) 

Precision and Recovery Standards' 
1 3,3',4,4'-TCB 77 20 0.8 0.8 
2 2,3,3',4,4'-PeCB 105 1000 40 40 
3 2,3,4,4',S-PeCB 114 1000 40 40 
4 2,3',4,4',S-PeCB 118 1000 40 40 
s 2',3,4,4',5-PeCB 123 1000 40 40 
6 3,3',4,4',S-PeCB 126 100 4 4 
7 2,3,3',4,4',S-HxCB 156 1000 40 40 
8 2,3,3',4,4',S'-HxCB 157 1000 40 40 
9 2,3',4,4',5,S'-HxCB 167 1000 40 40 
10 3,3',4,4',S,S'-HxCB 169 200 8 8 
11 2,2',3,3',4,4',5-HpCB 170 200 8 8 
12 2,2',3,4,4',S,S'-HpCB 180 1000 40 40 
13 2,3,3',4,4',S,5'-HpCB 189 200 8 8 

lntunal Standards' 
14 13C12-3,3',4,4'-TCB 77L 1000 50 so 
is 13C12-2,3,3',4,4'-PeCB lOSL 1000 so 50 
l6 13C12-2,3',4,4',S-PcCB 118L 1000 _50 so 
17 13C12-3,3',4,4',S-PcCB 126L 1000 so so 
18 13C12-2,3,3',4,4',S-HxCB 156L 1000 so so 
19 13C12-2,3,3',4,4',5'-HxCB 157L 1000 so so 
20 13C12-2,3',4,4',S,S'-HxCB 167L 1000 so so 
21 13C12-3,3',4,4',S,5'-HxCB 169L 1000 so 50 
22 13C12-2,2',3,4,4',S,S'-HpCB 180L 1000 so 50 
23 13C12-2,3,3',4,4',5,S'-HpCB 189L 1000 so so 

Clt!anup Standards' 
24 13C12-3,4,4',S-TCB 81L 200 10 10 
25 13C12-2,3,3',5,S'-PcCB lllL 1000 50 50 

Recovery Standards' 
26 13C12-2,2',5,5'-TCB 52L 1000 1000 15 

·27 13C12-2,2',4,5,S'-PcCB 101L 1000 1000 15 
28 13C12-2,2',3,4,4',5'-HxCB 138L 1000 1000 15 
29 13Cl2-2,2',3,3',5,5',6-HpCB 178L 1000 1000 15 

FlnalEluter 
30 13C12-DCB 209L 2000 100 100 

1 Section 7.6.7-prepared in nonane and diluted to prepare spiking solution. 
2 Sections 7.6.3.2, 7.6.4., 1.6.S, 7.6.7-prepared in acetone from stock solution daily. 
> Section 7.6.1-prepared in nonane and diluted to prepare spiking solution. Concentrations are adjusted for 

expected background levels. 
' Section 7.6.32-prepared in acetone from stock solution daily. Concentrations are adjusted for e;..,,ected 

background levels. 
5 Section 7.6.4-prepared in acetone; added to sample extracts before cleanup. 
' Section 7 .6.5-prepared in nonane; added to concentrated extract prior to injection. 
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Table 4. Concentrations ofPCBs in Calibration and Calibration Verification Solutions 

IUPAC CS1 CS2 CS32 CS4 CS5 
No.1 (ng/mL) (ng/mL) (ng/mL) (ng/m.L) (ng/m.L) 

Predsion and Recovery 
Standards 
3,3',4,4'-TCB 77 0.5 2 10 40 200 
2,3,3',4,4'-PeCB 105 2.5 10 so 200 1000 
2,3 ,4,4' ,5-PeCB 114 2.5 10 so 200 1000 
2,3',4,4',5-PeCB 118 2.5 10 so 200 1000 
2',3,4,4',5-PeCB 123 2.5 10 50 200 1000 
3,3',4,4',5-PeCB 126 2.5 10 so 200 1000 
2,3,3',4,4',5-HxCB 156 5 20 100 400 2000 
2,3,3',4,4',5'-HxCB 157 s 20 100 400 2000 
2,3',4,4',5,5'-HxCB 167 5 20 100 400 2000 
3,3',4,4',5,5'-HxCB 169 5 20 100 400 2000 
2,2',3,3',4,4',5-HpCB 170 5 20 100 400 2000 
2,2',3,4,4',5,5'-HpCB 180 s 20 100 400 2000 
2,3,3',4,4',5,5'-HpCB 189 5 20 100 400 2000 
Internal Standards 
1,JC12-3,3',4,4'-TCB 77L 100 100 100 100 100 
13C12-2,3,3 ',4,4'-PcCB - 105L 100 100 100 100 100 
13C12-2,3',4,4',5-PcCB 118L 100 100 100 100 100 
13C12-3,3',4,4',5-PeCB 126L 100 100 100 100 100 
13C12-2,3,3',4,4',5-HxCB 156L 100 100 100 100 100 
13C12-2,3,3',4,4',5'-HxCB 157L 100 100 100 100 100 
13Cl2-2,3',4,4',5,5'-HxCB · 167L 100 100 100 100 100 
13Cl2-3,3',4,4',5,5'-HxCB 169L 100 100 100 100 100 
13Cl2-2,2',3,4,4',5,5'-HpCB 180L 100 100 100 100 100 
13Cl2-2,3,3',4,4',5,5'-HpCB 189L 100 100 100 100 100 
Cleanup Stamfa~ds 
13Cl2-3,4,4',5-TCB 81L 0.5 2 10 40 200 
13C12-2,3,3',5,5·-PeCB lllL 2.5 10 50 200 1000 
Recovery Standards 
13Cl 2-2,2',5,5'-TCB 52L 100 100 100 100 100 
13C12-2,2' ,4,5,5'-PeCB 101L 100 100 100 100 100 
13C12-2,2',3,4,4',5'-HxCB 138L 100 100 100 100 100 
13C12-2,2',3,3',5,5',6-HpCB 178L 100 100 100 100 100 
Final Eiuter 
13C12-DCB 209L 200 200 200 200 200 

I Su~ ''L" indicates labeled compoimd. 
2 Sections 7.6.6, calibration verification solution. 
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Table 5. Labeled Compound Recovery in Samples Vlhen All PCBs are T~!-ted 

Labeled PCB 

Internal Stantlards 
13C12-3,3',4,4'-TCB �
13C12-2,3,3',4,4'-PeCB �
13Cl2-2,3',4,4',5-PeCB �
13C12-3,3',4,4',5-PeCB �
13C12-2,3,3',4,4',5-HxCB �
13C12-2,3,3',4,4',5'-HxCB �
13Cl2-2,3',4,4',5,5'-HxCB �
13C12-3,3',4,4',5,5'-HxCB �
13C12-2,2',3,4,4',5,5'-HpCB �
13C12-2,3,3',4,4',5,5'-HpCB �
Cleanup Standards 
13C12-3,4,4',5-TCB 
13C 12-2,3,3 ',5,5'-PeCB 

1 Based on 20 µL final extract volume. 

IUPAC �
No. �

77 �
105 �
118 �
126 �
156 �
157 �
167 �
169 �
180 �
189 �

81 �
111 �

Test 
CODC 

(ng/m.L)1 

100 �
100 �
100 �
100 �
100 �
100 �
100 �
loo 
100 �
100 �

50 �
250 �

Labeled compound 
recovery 

(ng/mL) (%) 

20-160 20-160 �
20-160 20-lGC �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �
20-160 20-160 �

4-32 20-160 �
40-140 40-140 �
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Table 6. Descriptors, Exact m/z's, m/z Types, and Elemental Compositions of the PCBs 

Exact m/z �
Dtscriptor mlz1 type �

1. � 289.9224 ··M 
291.9194 ·M+2 
301.9626 M 
303.9597 M+2 
318.9792 LockMass 
325.8804 M+2 
327.8775 M+4 
330.9793 Lock Mass Check 
337.9207 M+2 
339.9178 M+4 

2. � 325.8804 M+2 �
327.8775 M+4 �

-337.9207 M+2 
339.9178 M+4 
354.9792 Lock Mass 
354.9792 Lock Mass Check 
393.8025 M+2 
395.7996 M+4 
405.8428 M+2 
407.8398 M+4 

3. � 359.8415 M+2 
361.8385 M+4 
371.8817 M+2 
373.8788 M+4 
380.9760 Lock Mass 
380.9760 Lock Mass Che~k 
393.8025 M+2 
395.7996 M+4 
405.8428 M+2 
407.8398 M+4 

,t 504.9696 Lock Mass 
504.9696 Lock Mass Check 
509.7229 M+4 
51) 7199 M+6 

1 Nuclidic ~ses used were: 
H == 1.007825 c ... 12.00000 
13C = 13.003355 35Cl-= 34.968853 

2 � TCB == Tetrachlorobiphenyl 
PeCB = Pentachlorobiphenyl 
HxCB= Hexachlorobiphenyl 
HpCB'-' Heptachlorobiphenyl 
DCB = Decachlorobipbenyl. 

·' � 13C l..,.b.;~ec cmnpound. 
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ElemenW composition 

C12 H6 3SC14 
Cl2 H6 35C13 37Cl 
13Cl2 H6 35C14 
13Cl2 H6 35Cl3 37Cl 

C12 HS 35C14 37Cl 
Cl2 HS 35Cl3 37Cl2 

13C12 H5 35C14 37Cl 
13Cl2 H5 35C13 37Cl2 

C12 HS 35C14 37Cl 
.Cl2 HS 35Cl3 37Cl2 
13C12 HS 35Cl4 37Cl 
13Cl2 H5 35C13 37C12 

.Cl2 H3 35C16 37Cl 
Cl2 H3 35C15 37Cl2 
13C12 H3 35C16 37Cl 
13C12 H3 35C15 37C12 

C12 H4 35C15 37Cl 
C12 H4 35C14 37C12 
13C12 H4 35C15 37Cl 
13C12 H4 35C14 37Cl2 

C12 H3 35C16 37Cl 
Cl2 H3 35Cl5 37Cl2 
13C12 H3 35C16 37Cl 
13Cl2 H3 35Cl5 37C12 

13C12 35C18 �37C12 
13CJ2 35CJ7 �37CJ3 

370 ... 36.965903 

Substance' 

TCB 
TCB 
TCB3 

TCB3 

PFK 
PeCB 
PeCB �
PFK �
PeCB3 �

PeCB3 

PeCB �
PeCB �
PeCB3 �

PeCB3 �

PFK 
PFK 
HpCB �
HpCB �
HpCB3 �

HpCB' �

HxCB �
HxCB �
HxCB' �
HxCB' �
PFK 
PFK 
HpCB �
HpCB �

. HpCB' �
HpCB' �

PFK 
PFK 
DCB3 �

DCB3 �
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Table 7. Theoretical Ion Abundance Ratios and QC Limits 

Chlorine m/z's forming Theoretical QC Limit' 
atoms ratio ratio 

:"!: 
. .. Lower Upper 

4 M/(M+2) 0.77 0.65 0.89 
s (M+2)/(M+4) 1.55 1.32 1.78 
6 (M+2)/(M+4) 1.24 1.05 1.43 
7 (M+2)/(M+4) 1.05 0.88 1.20 
10 (M+4)/(M+6) 1.17 0.99 1.35 

1 QC limits represent+/- 15 percent windows around the theoretical ion abwida.1"ce ratio. These limits 
are pre1irniua.ry. 
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Table 8. � GC Retention Time Window Defining and Isomer Specificity Test Solution1 

(Section 7.6.8) • 

Congener 
group . · First eluted Last eluted 

TCB 54 2,2',6,6' 77 3,3',4,4' 

PeCB 104 2,2',4,6,6' 126 3,3',4,4',5 

HxCB 155 2,2',4,4',6,6' .169 3,3',4,4',5,5' 

HpCB 188 2,2',3,4',5,6,6' 189 2,3,3',4,4',5,5' 

Isomer specificity test compounds �

123 2',3,4,4',5-PeCB 156 .2,3,3',4,4',5-HxCB �

118 2,3',4,4',5-PeCB 157 2,3,3',4,4',5'-HxCB �

1 All compounds are at a concentration of 100 ng/mL in nonane. 

44 �

N-109 




I 

Sewage Sludge Sample 

I 

: ~ 

,.. 
~ 

Take 2 g Aliquot of wet 
sample 

Spike with Labeled 
Intemal Standards 

,. 
Mix with Drying Agent �

to Produce 1: 1 Ratio �

,. 
Soxhlet Extract 

Concentrate to 10 mL 

i �
Solvent Exchange 5 mL 

ofSample Extract to �
Hexane (50 mL) �

Spike with Cleanup 
. Standard 

Proceed to Sample 
Clcanup Flow Diagram 

(Figure 2) 

Determine Perce.:it 
r Moisture of 10 g aliquot 
~ 

.. 

-

.. _,__Aic_m_·_ve_s_mL___. 

Figure 1. Sample Extraction Procedure for Sewage Sludge Sample 
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Sec Figure 1 for �
Description of �

Sample Extraction �. ' 

Extract Hexane Extra.ct �
with Sulfuric Acid* �

... �
Discard the Wash the Hexane 

Aqueous Layer Layer with 
NaCl Solution 

Discard the Extract the Hexane 
Aqueous Layer with 

KOH Solution 

Wash the Hexane 
Discard the Layer with NaCl

Aqueous Layer Solution 

Discard the Dry 
Aqueous Layer Extract with 

Na:zSO. 

· *llepcat this step uot:: the �
aqueous layer is clear �

HR.GC/HRMS 

_ Sulfur Qcanup 
- Using Copper 

Silica Gel 
Cleanup 

Carbon Column 
Cleanup 

HPLC/GPC 
Cleanup 

Concentrate 
to Final Volume 

I+ Add Recovery 
__An_al_ys_es_... _s_tan_dar_d_s_o_luti_·_on__, 

Figure 2. Sample Cleanup Procedure for Sewage Sludge Sample 
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Proposed Analytical Method for Determination of Toxic Polych!orinated �
Biphenyls in Sewage Incinerator Scrubber Water by Isotope Dilution iligh �

Resolution Gas Chromatography/High Resolution Mass Spectrometry �

1.0 	 SCOPE AND APPLICATION 

1.1 � This analytical method is for determination of the toxic polychlorinated biphenyls (PCBs) 
in sewage incinerator scrubber water by high resolution gas chromatography/high 
resolution mass spectrometry (HRGC/HRMS). The method is for use in the Emission 
Measurement Center's (EMC) data gathering.effort to support aMaximt.m Achievable 
Control Technology (MACT) standard to limit emissions ofhazardous air pollutants at 
two sewage sludge incinerators. The method is based on a compilation ofmethods from 
the technical literature, and EPA Method 1668 (References 1-14). 

1.2 � The toxic PCBs listed in Table 1 may be determined by this method. 

1.3 � The detection limits and quantitation levels listed in this method may be dependent on the 
level of interferences rather than instrumental limitations. 

1.4 � The HRGC/HRMS portions of this method are for use only by analysts experienced with 
HRGC/HRMS, or under the close supervision ofsuch qualified persons. 

2.0 	 SUMMARY OF METHOD 

2.1 � Extraction 

An analytical flow diagram depicting the scrubber water extraction procedure is shown in 
Figure 1. 

2.1.1 � Scrubber water samples (samples containing s 5% solids upon visual inspection) 

- 2.1.1.1 � Stable isotopically labeled analogs ofthe toxic PCBs are spiked into a 
1 L sample, and the sample is vacuum-filtered through a C11 solid-phase 
extraction (SPE) column. 

2.1.1.2 � The column is eluted with acetone and methylene chloride, the eluant is 
concentrated for cleanup and spiked with cleanup standard. 

2.1.2 Scrubber water samples (samples containing > 5% solids upon visual inspection) 

1 �
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2.1.2.1 · A 1 L aliquot of the sample is filtered; the filtrate is spiked with stable 
isotopically labeled analogs of the toxic PCBs, and the sample is 
vacuum-filtered through a C18 solid-phase extraction (SPE) column. 

2.1.2.2 � The column is eluted with acetone and methylene chloride. 

2.1.2.3 � The solids are extracted using the Soxhlet technique, and the filtrate 
extract and the solids extract are combined, concentrated, and spiked 
with cleanup standards. 

2.2 � An analytical flow diagram depicting the scrubber water cleanup procedure is shown in 
Figure 2. The scrubber water extract is cleaned using acid and base partitioning, and silica 
gel and activated carbon chromatography. · 

2.3 � After cleanup, the extract is concentrated to a final volume between 20 µL - 1.0 mL, per 
the analyst's discretion. Prior to injection recovery standards are added to each extract, 
and an aliquot of the extract is injected into the gas chromatograph. The analytes are 
separated by the GC and detected by a high resolution mass spectrometer. Two exact 
m/z's are monitored for each analyte. 

2.4 � An individual PCB congener is identified by comparing the GC retention time and ion
abundance ratio of two exact m/z's with the corresponding retention time ofan authentic 
standard and the theoretical or acquired ion-abundance ratio ofthe two exact m/z's. 
Isomer specificity for the toxic PCBs is achieved using GC columns that resolve these 
congeners from the other PCBs. 

2.5 � Results are quantified using relative response factors. 

2.6 � The quality of the analysis is assured through reproducible calibration and verification of 
operation for the extraction, cleanup, and GC/MS systems. 

3.0 � DEFTh11TIONS AND ABBREVIATIONS 

3.1 � Definitions and Acronyms 

3.1.1 � Analyte - a PCB compound measured by this method. The analytes are listed in 
Table 1. 

3.1.2 � Calibration Standard (CS) - a solution prepared from a secondary standard 
and/or stock solutions and used to calibrate the response of the instrument with 
rc:~_vect to analyte concenu-ation. 

. ·
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3.1.3 � Calibration Verification Standard (VER)-the mid-point calibration sta."ldard 
(CS3) that is used to verify calibration (see Table 4). 

3.1.4 � Congener-refers to a particular comp01.md of the same cherii"l>, r~-ni1:· 

3.1.S � CSl, CS2, CS3, CS4, CSS- see calibration standards in Table 4. 

3.1.6 � Field Blank- an aliquot ofreagent water or other reference matrix that is placed 
in a sample container in the laboratory or the field, and treated as a sample in a!J 
respects, including exposure to sampling site conditions, storage, preservation, 
and all analytical procedures. The purpose of the field blank is to determine if the 
field or sample transporting procedures and environments have contaminated the 
sample. 

3.1.7 � HRGC - high resolution gas chromatography or gas chromatograph. 

3.1.8 � HR.MS - high resolution mass spectrometry or mass spectrometer. 

3.1.9 � Internal Standard (IS)- a component which is added to every sample and is 
present in the same concentration in every blank, quality control SaII'.ple, and 
calibration solution .. The IS is added to the sample before extraction and is used 
to measure the concentration of the analyte and surrogate compound. The IS 
recovery serves as an indicator of the overall performance of the anal::sis 

3.1.10 K-D-Kuderna-Danish concentrator; a device used to concentrate the analytes i.D 
a solvent. 

3.1.11 Laboratory Blank - see Laboratory Method Blank. 

3.1.12 Laboratory Method Blank- an aliquot ofreagent water or solvent that is tre:..t:>' 
exactly as a sample including exposure to all laboratory glassware, equipmer,·. 
solvents, reagents, internal standards, and surrogates that are used "'ith sa...up!e' 
The laboratory method blank is used to determine ifanalytes or interferences ar" 
present in the laboratory environment, the reagents, or the apparatus. 

3.1.13 �Laboratory Spike Sample - a laboratory-prepared matrix blank spiked with 
known quantities ofanalytes. The laboratory spike sample is analyzed exactly li.1.:c 
a sample. Its purpose is to assure that the results produced by the laboratory 
remain within the limits specified in the method for precision and recovery. 

3.1.14 May - this action, activity, or procedural step is neither required nor prohibitef. 

3.1.1 S �May not - this action, activity, or procedural step is prohibited. 

3.1.16 �Must-this action, activity, or procedural step is required. 
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3.1.17 �m/z Scale - the molecular mass to charge ratio scale. 

3.1.18 �PAR- precision and recovery standard; secondary standard used to prepare �
laboratory spike samples. �

-
3.1.19 �Percent Relative Standard Devi2tion (%RSD) - the standard deviation times �

100 divided by the mean. Also termed "coefficient ofvariation." �

3.1.20 �PFK-perfluorokerosene; the mixture of compounds used to calibrate the exact �
m/z scale in the HRMS. �

3.1.21 � Primary Dilution Standard- a solution containing the specified analytes that is 
purchased or prepared from stock solutions and diluted as needed to prepare 
calibration solutions and other solutions. 

3.1.22 �QC Check Sample - a sample containing all or a subset of the analytes at known 
concentrations. The QC check sample is obtained from a source external to the 
laboratory or is prepared from a source of standards different from the source of 
calibration standards. It is used to check laboratory performance with test 
materials prepared external to the normal preparation process. 

3.1.23 Reagent Water-water demonstrated to be free from the analytes of interest and 
potentially interfering substances at the analyte estimated detection limit; e.g., 
HPLC grade water. 

3.1.24 Recovery Standard - a known amount ofcomponent added to the concentrated 
sample extract before injection. The response of the internal standards relative to 
the recovery standard is used to estimate the overall recovery of the internal 
standards. 

3. ! .25 Reiative Response Factor - the response of the mass spectrometer to a known 
arucunt of an analyte relative to a known amount ofan internal standard. 

3. l .26 �RF - response factor (see Section 10.2.2). 

3.1.27 �RPD- relative percent difference, defined as the absolute value of the difference 
between two values divided by the mean of the two values, expressed as a 
percentage. 

3.1.28 � SIN - signal to noise ratio. 

~ 1 "o �~'h ntlld - this action, activity, or procedural step is suggested but not required. 

3.1.30 �SlCP- selected ion current profile; the line descnoed by the signcl at an exact 
::::n:z. 
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3.1.31 SPE - solid-phase extraction; an extraction technique in which an analyte is 
extracted from an aqueous sample by passage over or through a lLc.k,~a: ca~a.:ilc 
ofreversibly adsorbing the analyte. Also termed liquid-soliJ ~AJaction. 

3.1.32 �Specific Isome~- a specific isomer is designated by indic ..ting the exac"C 
positions (carbon atoms) where chlorines are located within the molecule. For 
example, 2,3,3',4,4'-PeCB refers to only one of the 209 possjble PCB isomers 
that isomer which is chlorinated in the 2,3,3',4,4'-positio_n of the biphenyl ring 
structure. 

3.1.33 �Specificity - the ability to measure an analyte of interest in the presence of 
interferences and other analytes of interest encountered in a samp!e. 

3.1.34 Stock Solution -� a solution containing an analyte that is prepared using a 
reference material traceable to EPA, the National Institute of Science and 
Technology (NIST), or a source that will attest to the purity and authe:nicity of 
the reference material. 

3.1.35 �Toxic PCB - any or all of the toxic chlorinated biphenyl isomers shov,'n m 
Table 1. 

3.1.36 �VER- see Calibration Verification Standard (Section 3.1.3). 

3.2 � Abbreviations 

3.2.1 � PCB- any or all of the 209 possible polychlorinated biphenyl isome:-s. 

3.2.2 � TCB - abbreviation for ietrachlorinated biphenyl. 

3.2.3 � PeCB - abbreviation for pentachlorinated biphenyl. 

3.2.4 � ·H.xCB - abbreviation for hexac:~orinated biphenyl. 

3.2.5 � HpCB - abbreviation for heptachlorinated biphenyl. 

3.2.6 � DCB -_abbreviation for decachlorinated biphenyl. 

.s 
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4.0 � C0~7AMINATION AND INTERFERENCES 

4.1 � Method interferences may be caused by contaminants in solvents, reagents, glassware, �
and other sample processing hardware that lead to discrete artifacts and/or elevated �
backgrounds at the ions-monitored. All of these materials must be routinely �
demonstrated to be free from interferences under the conditions of the analysis by �
analyzing field and laboratory blanks as descn'bed in Sections 9.1.1 and 9.2.2. �

4.2 � Solvents, reagents, glassware, and other sample processing hardware may yield artifacts 
and/or elevated baselines causing misinterpretation ofchromatograms. Specific selection 
ofreagents and purification of solvents by distillation in all-glass systems may be 
required. 'Where possible, reagents are cleaned by extraction or solvent rinsing. The toxic 
PCB congeners 105, 114, 118, 123, 156, 157, 167, and 180 have been shown to be very 
difficult to completely eliminate from the laboratory, and baking of glassware in a kiln or 
furnace at 450-500°C may be necessary to remove these and other contaminants. 

4.3 � Proper cleaning ofglassware is extremely important because glassware may not only 
contaminate the samples but may also remove the analytes of interest by adsorption onto 
the glass surface. 

4.3.l � Glassware should be rinsed with methanol and washed with a detergent solution 
as soon after use as is practical. Sonication of glassware containing a detergent 
solution for approximately 30 seconds may aid in cleaning. Glassware with 
removable parts, particularly separatory funnels with fluoropolymer stopcocks, 
must be disassembled prior to detergent washing. 

4.3.2 � After detergent washing, glassware should be rinsed immediately; first with 
int!thanol, then with hot tap water. The tap water rinse is followed by distilled 
water, methanol, and then methylene chloride rinses. · 

4.3.3 � Baking ofglassware in kiln or other high temperature furnace (450-500°C) may 
be warranted after particularly dirty samples are encountered. However, baking 
should be minimized, as repeated baking of glassware may cause active sites on 
the glass surface that may irreversibly adsorb PCBs. 

4.3.4 � Immediately prior to use, the Soxhlet apparatus should be pre-extracted with 
methylene chloride for 3 hours to remove any possible background contamination. 

4.4 � Toe use ofhigh purity reagents minimizes background contamination and interference 
problems. Purification of solvents by distillation in all-glass systems may be required. 
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4.5 � Matrix interferences may be caused by contaminants that are co-extracted from tbe 
sample. The extent ofmatrix interferences may vary considerably with the source being 
sampled. Toxic PCBs are often associated with other interfering chlorinated compoun1.1s 
which are at concentrations several orders ofmagnitude higher than tn~t "~t,.. .. t>r"P,, "r 
interest. The cleanup procedures in Section 11.3 can be used to reduce many of these 
interferences, but unique samples may require additional cleanup approaches. 

4.6 � Two high resolution capillary columns, a J&W DBXLB, 60 m x 0.25 mm x 0.25 µm 
(J&W), and a 50 m x 0.23 mm x 0.25 µm HT-8 (SGE), are recommended for PCB 
analysis because both of these columns will resolve all 13 toxic PCBs. Equivalent 
columns that sufficiently resolve the toxic PCBs may also be used. 

4.7 Ifother gas chromatographic conditions or other techniques are used, the analyst is 
required to support the data through an adequate quality assurance program. 

S.O 	 SAFETY 

5.1 � The toxicity or carcinogenicity ofeach reagent used in this method has not been precisely 
defined. Nevertheless·, each chemical compound should be treated c:s a potential healtl:i 
hazard. Therefore, exposure to these chemicals must be reduced to the lowest possible 
l~vel by whatever means available. 

5.2 � The laboratory is responsible for maintaining a cmTent file of OSHA regulations 
regarding the safe handling of the chemicals specified in this method. A reference file of 
material safety data sheets should also be made available to all personnel involved in the 
chemical analysis. 

5.3 � PCBs and methylene chloride have been classified as known or suspected human or 
mammalian carcinogens. · 

5.4 � Unsterilized sewage incinerator scrubber water may be a human health risk because 
pathogens contained within the sample, e.g., salmonella, E. coli, hepatitis, may be 
aerosolized and transported to the human host via inhalation or dermal contact with 
mucous membranes. Scrubber water samples that have not been pre-treated with chlorin( 
(minimum of4 ppmv) should be sterilized by adding 4% (v/v) nitric acid to the sampling 
bottles prior to collection in the field (see Section 8.2). 

6.0 	 APPARATUS, EQUIPMENT, AND SUPPLIES 

6.1 � Glassware Cleaning Equipment-Laboratory sink with overhead fume hood. 

6.2 � Sample Preparation Equipment - J 
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6.2.1 � Laboratory fume hood of sufficient size to contain the sample preparation �
equipment listed below. �

6.2.2 � Glove box ( optional). �

6.2.3 � Equipment for determining percent solids �

6.2.3.1 � Oven - For determining percent solids; capable ofmaintaining a �
temperature of 110 ±5 °C. �

6.2.3.2 � Desiccator. �

6.2.4 � Balances �

6.2.4.1 � Analytical - Capable ofweighing 0.1 mg. �

6.2.4.2 � Top loading-Capable ofweighing 10 mg. �

6.3 � Extraction Apparatus �

6.3.1 � Graduatr.d cylinder, 1-L capacity. �

6.3.2 � Solid-phase extraction �

6.3 .2.1 � Solid phase extraction manifold. �

6.3.2.2 � Vacuum source capable of maintaining 25 in. Hg, equipped v.rith shutoff �
valve and vacuum .gauge. �

6.3.2.3 � Solid-phase extraction cartridge containing octadecyl (C18) bonded silica �
uniformly enmeshed in an inert matrix-Fisher Scientific 14-378F (or �
equivalent). �

6.3.3 � Soxhlet Apparatus �

6.3.3.1 � Soxhlet- 50-mm ID, 200-mL capacity with 500-mL flask (Cal-Glass �
LG-6900, or equivalent, except substitute 500-mL round-bottom flask �
for 300-mL flat-bottom flask). �

6.3.3.2 � Thimble-43 mm x 123 mm to fit Soxhlet (Cal-Glass LG-6901-122, or �
equivalent). �

6.3.3.3 � Heating mantle -Hemispherical, to fit 500-mL round-bottom flask (Cal�
Glass LG-8801-112, or equivalent). �

8 �

N-121 �



6.3.3.4 Variable transformer - Powerstat ( or equivalent), 110-volt, 10-amp. �

6.3.4 Beakers - 400- to 500-mL. �

6.3.5 � Spatulas - Stainless steel. �

6.4 � Filtration Apparatus �

6.4.1 � Pyrex glass wool - heated in an oven at 450-500 ·c for 8 hours minimum. �

6.4.2 � Glass funnel - 125- to 250-mL. �

6.4.3 � Glass-fiber or quartz fiber filter paper- Whatman GF/D (or equivalent). �

6.4.4 	 Drying column-15-to 20-mm ID Pyrex chromatographic column equipped with �
coarse-glass frit or glass-wool plug. �

6.4.S � Pressure filtration SPE manifold, Supelco or equivalent. �

6.5 � Cleanup Apparatus �

6.5.1 � Pipets �

6.5.1.1 � Disposable, Pasteur, 150-mm long x 5-mm ID (Fisher Scientific 13-678
6A, or equivalent). �

6.5.1.2 � Disposable, serological, 50-mL (8- to 10- mm ID). �

6.5 .2 � Glass chromatographic columns �

6.5.2.1 � 150-mm long x 8-mm ID, (Kontes K-420155, or equivalent) with �
coarse-glass frit or glass-wool plug_and 250-mL reservoir. �

6.5.2.2 � 200-mm long x· 15-mm ID, with coarse-glass frit or glass-wool plug and �
250-mL reservoir. �

6.5.2.3 � 300-mm long x 22-mm ID, with coarse-glass frit, 300-mL reservoir, and �
glass or fluoropolymer stopcock. �

6.5.3 Oven-For baking and storage ofadsorbents, capable ofmaintaining a constant �
temperature (::t:5°C) in the range of 105-250~C. �
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6.6 Concentration Apparatus 

6.6.1 � Rotary evaporator- Buchi/Brinkman-American Scientific No. E5045-10 or 
equivalent, equipped 'With a variable temperature water bath. 

6.6.1.1 � Vacuum source for rotary evaporator equipped with shutoff valve at the 
evaporator and vacuum gauge. 

6.6.1.2 � A recirculating water pump and chiller are recommended, as use of tap 
water for cooling the evaporator wastes w-ge volumes ofwater and can 
lead to inconsistent performance as water temperatures and pressures 
vary. 

6.6.1.3 � Round-bottom flask - 100-mL and 500-mL or larger, with ground-glass 
fitting compatible 'With the rotary evaporator. 

6.6.2 � Kudema-Danish (K-D) concentrator 

6.6.2.1 � Concentrator tube- 10-mL, graduated (Kontes K-570050-1025, or 
equivalent) 'With calibration verified. Ground-glass stopper (size 19/22 
joint) is used to prevent evaporation ofextracts. 

6.6.2.2 � Micro concentrator tube-1.0-mL, graduated (Kontes K-570050-1000, 
or equivalent) 'With calibration verified. Ground-glass stopper (size 19/22 
joint) is used to prevent evaporation ofextracts. · 

6.6.2.3 � Evaporation flask- 500-mL (Kontes K-570001-0500, or equivalent), 
attached to concentrator tube with springs (Kontes K-662750-0012 or 
equivalent). 

6.6.2.4 � Snyder column - Three-ball macro (Kontes K-503000-0232, or 
equivalent). 

6.6.2.5 � Boiling chips. · 

6.6.2.5.1 � Glass or silicon carbide - Approximately 10/40 mesh, 
extracted with methylene chloride and baked at 450°C for 1 

· hour minimum. 

6.6.2.5.2 � Fluoropolymer (optional)-Extracted 'With methylene 
chloride. 

6.6.2.6 � Water bath-Heated, 'With concentric ring cover, capable ofmaintaining 
a temperature within ±2 °C, installed in a fume hood. 

.,. 
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6.6.3 � Nitrogen blowdown apparatus - Equipped with water bath controlled in the rnnge 
of30 - 60°C (N-Evap, Organomation Associates, Inc., or equivalent), ins!:llled in 
a fume hood. 

6.6.4 � Turbo V ap Nitrogen blowdown apparatus - Equipped with Turbotubes, and water 
bath controlled-in the range of30 - 60°C {Turbovap Il, Zymark, or equi•1alent). 

6.6.5 � Sample vials 

6.6.5.1 Amber glass, 2- to 5-mL with fluoropolymer-lined screw cap. 

6.6.5.2 Glass, 0.3-ml, conical, with fluoropolymer-lined screw or crimp cap. 

. 6.7 � Gas Chromatograph- Shall have splitless or on-column injection port for capillary 
column, temperature program with isothermal hold, and shall meet all of the performance 
specifications in Section 10. 

6.7.1 � GC Columns -Each ofthe GC columns listed below is capable ofresolving the 
13 toxic PCB congeners analyzed for in this method. Other GC columns may be 
used when resolution of the PCB congeners of concern from their most closely 
eluting leading and trailing congeners can be demonstrated. 

6.7.2 � Column #1-50 m long x 0.25±0.02-mm ID; 0.25-µm film HT-8 (SGE, or 
equivalent). 

6.7.3 � Column #2-60 m long x 0.25±0.02-mm ID; 0.25-µm film DBXLB (J&W, or 
-equivalent). 

6.8 � High Res0lution Mass Spectrometer- 28- to 40-eV electron impact ionization, shall be 
capable ofrepetitively selectively monitoring 12 exact m/z's minimum at high resolution 
(~ 10,000) during a period less than 1.5 seconds, and shall meet all of the performance 
specifications in Section 10. 

6.9 � HRGC/HRMS Interface - The high resolution mass spectrometer ~\fS) shall be 
interfaced to the high resolution gas chromatograph (HR.QC) such that the end of the 
capillary column terminates within 1 cm ofthe ion source but does not intercept the 
electron or ion beams. 

6.10 � Data System - Capable ofcollecting, recording, and storing MS data. 
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7.0 REAGENTS AND STANDARDS 

Note: unless otherwise stated, all reagents, water, and solvents must be pesticide grade (if 
available) or equivalent. · 

:~ ., 

7.1 Acid and Base Partitioning 

7. l. l Potassium hydroxide - Dissolve 20 g pesticide grade (if available) KOH in 100 
mL reagent water. 

7.1.2 Sulfuric acid - Pesticide grade (if available; specific gravity 1.84). 

7.1.3 · Hydrochloric acid - Pesticide grade (if available), 6N. 

7.1.4 Sodium chloride-Pesticide grade (if available), prepare at 5% (w/v) solution in 
reagent water. 

7.2 Solution Drying and Evaporation 

7.2.1 Solution dryipg- Sodium sulfate, reagent grade, granular, anhydrous (Baker 
3375, or equivalent), rinsed with methylene chloride (20 mIJg), baked at 400°C 
for 1 hour minimum, cooled in a desiccator, and stored in a pre-cleaned glass 
bottle with screw-cap that prevents moisture from entering. If, after heating, the 
sodium sulfate develops a noticeable grayish cast ( due to the presence of carbon 
in the crystal matrix), that batch ofreagent is not suitable for use and should be 
discarded. Extraction with methylene chloride (as opposed to simple rinsing) and 
baking at a lower temperature may produce sodium sulfate that is suitable for use. 

7.2.2 Prepurified nitrogen - 99.999S% purity. 

7.2.3 Desiccant - EM Science silica gel Grade H Type IV Indicating (6-16 mesh). 

7.3 Extraction 

7.3.1 Solvents - Acetone, n-hexane, methanol, methylene chloride, and no.aane; 
distilled in glass, pesticide quality, lot-certified to be free of interferences. -

7 .3.2 Water - Pesticide grade or equivalent, sold and stored in glass containers. 

7.4 Adsorbents for Sample Cleanup 

, . .;. i. · .:;:lica gel 
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7.4:1.1 � Activated silica gel-100-200 mesh, Supelco 1-3651 (or tquival~t), 
rinsed with methylene chloride, baked at 180°C for a minimum of 1 
hour, cooled in a desiccator, and stored in a precleaned glass bottle with 
5Ct'ew-cap that prevents moi,;ture from entering. 

7.4.1.2 � Acid silica gel (30% w/w) - Thoroughly mix ·44 g of concer.trateci 
sulfuric acid with 100 g ofactivated silica gel in a clean container. Break 
up aggregates with a stirring rod until a uniform mixture is obtained. 
Store in a screw-capped bottle with fluoropolymer-lined cap. 

7.4.1.3 � Basic silica gel - Thoroughly mix 30 g of lN sodium hydroxide with 
100 g of activated silica gel in a clean container. Break up aggregates 
with a stirring rod until a uniform mixture is obtained. Store in a screw
capped bottle with fluoropolymer-lined cap. 

7.4.2 Carbon 

7.4.2.1 � Carbopak C - (Supelco 1-0258, or equivalent). 

7.4.2.2-� Celite 545 -(Supelco 2-0199, or equivalent). 

7.4.2.3 � Thoroughly mix 18 g Carbopak C and 18 g Celite 545 to produce a 50% 
w/w mixture. Activate the mixture at 130°C for a minimum of 6 hours. 
Store in a desiccator. 

7.5 Standard Solutions 

Standards purchased as solutions or mixtures with certification to their purity: 
concentration, and authenticity, or prepared from materials ofknown purity and 
composition. If the chemical purity is 98 percent or greater, the weight may be used 
without correction to compute the concentration of the standard. Standards should be 
stored in the dark in a freezer at ~0°C in screw-capped vials with :fluoropolymer-line.d 
caps when not being used. A mark is placed· on the vial at the level of the solution so that 
solvent loss by evaporation can be detected. Ifsolvent loss has occurred, or the shelf life 
has expired, the solution should be replaced. 

7.5.1 Stock Standard Solutions 

7.5.1.1 Prepared in nonane per the steps below or purchase as dilute solutions 
(Cambridge Isotope Laboratories/CIL, Woburn, MA, or equivalent). 
Observe the safety precautions in Section 5. 

7.5.1.2 An appropriate amount ofassayed reference material is dissolved in 
solvent For example, weigh 1 to 2 mg ofPCB 126 to three significant 
figures in a 10-mL ground-glass-stoppered volumetric flask and fill to 
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the mark with nonane. After the PCB is completely dissolved, transfer 
the solution to a clean 15-mL vial with fluoropolymer-lined cap. 

7.5.1.3 Stock standard solutions should be checked for signs of degradation 
prior·to1he preparation of calibration or performance test standards. 
Reference standards that can be used to determine the accuracy of 
calibration standards are available from several vendors. 

7.S.2 Precision and Recovery (PAR) Stock Solution 

Using the solutions in Section 7.5, prepare the PAR stock solution to contain the 
PCBs of interest at the concentrations shown in Table 3. When diluted, the 
solution will become the PAR spiking solution (Section 7.5.7). · 

7.5.3 Internal Standard Solutions 

7.5.3.1 Internal Standard Stock Solution 

From stock standard solutions, or from purchased mixtures, prepare the 
solution to contain the labeled internal standards in nonane at the stock 
solution concentrations shown in Table 3. This solution is diluted with 
acetone prior to use (Section 7.5.3.2). 

7.5.3.2 Internal Standard Spiking Solution 

Dilute a sufficient volume ofthe labeled internal standard stock solution 
(Section 7.5.3.1) by a factor of 500 with acetone to prepare a diluted 
spiking solution. Concentrations may be adjusted to compensate for 
background levels. Each sample requires 1.0 mL of the diluted solution. 

7.5.4 Cleanup Standard Spiking Solution 

7.5.4.1 Prepare labeled.PCBs'81 and 111 in acetone at the level shown in 
Table 3. 

7.5.4.2 The cleanup standard is added to the scrubber water extract prior to 
cleanup to measure the efficiency ofthe cleanup process. 

7.5.5 Recovery Standard(s) Spiking Solution 

Prepare the recovery standard spiking solution to contain labeled PCBs 52, 101, 
'? ~, and 178 in nonanc at the level shown in Table 3. 

7.5.6 Calibration Standards (CSl through CS5) 
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7.5:6.1 � Combine the solutions in Sections 7.5.1 to produce the five calibration 
solutions shown in Table 4 in nonane. 

7.5.6.2 � Calibration standards may also be purchased already nreoared in nor.a:"'le 
(CIL)._· 

7.5.6.3- These solutions permit the relative response factor (labeled to native) to 
be measured as a function of concentration. The CS3 standard is l.!Sec for 
calibration verification (VER). 

7.5.7 Precision and Recovery (PAR) Spiking Solution 

7.5.7.1 � Used for preparation oflaboratory spike duplicate samples (Section 9.5). 

7.5.7.2 � Dilute 200 µL of the PAR stock solution (Section 7.5.2) to 10 mL 'with 
acetone. Each laboratory spike QC sample requires 1.0 mL. 

7.5.8 GC Retention Time Window Defining and Isomer Specificity Test Solutior: 

7.5.8.1 � This solution is used to define the beginning and ending retention times 
for the PCB congeners and to demonstrate isomer specificity of the GC 
columns. 

7.5.8.2 � The solution must contain the compounds listed in Table 8 (Cil., or 
equivalent), at a minimum. 

7.5.9 QC Check Sample 

If available, a QC check sample should be obtained from a source independe~: of 
the calibration standards. Ideally, this check sample would be a certified standard 
reference material (SR1v1) containing the PCBs in known concentrations u:: 2. 

sample matrix similar to the matrix being analyzed. 

7.5.10 Solution Stability 

7.5.10.1 � Standard solutions used for quantitative purposes (Section 7 .5 .6) should 
be analyzed periodically, and should be assayed against reference 
standards before further use. 

7.5.10.2 � If the analysis yields standard concentratio:r;is that are not within 251;-'.;, cf 
the true value for any PCB, the solutions will be replaced wi.th solutiom 
that, when analyzed, yield concentrations that are within 25% of the 
true value. · 
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8.0 � SAMPLE COLLECTION, PRESERVATION, STORAGE, AND 
HOLDING TIMES 

8.1 � Sample Collection .- . �
Scrubber water samples are collected as grab samples. �

8.2 � Pre-Treatment/Sterilization 

Sample bottle must contain enough 1:1 HN03 to give 4% HN03 (v/v) for sterilization if 
the scrubber water is not pre-treated with chlorine (minimum of4 ppmv). 

8.3 � Sample Storage 

Maintain aqueous samples in the dark at 4 °C from the time ofcollection until receipt at 
the laboratory. 

8.4 � Holding Times 

8.4.1 � Samples are stored in the dark at 4 °C. 

8.4.2 � Sample extracts are stored in the dark at <-10°C until analyzed. 

8.4.3 � A maximum of30 days between sample collection and extraction, and a 
maximum of45 days between extraction and analysis is recommended. 

9.0 � QUALITY ASSURANCE/QUALITY CONTROL 

9.1 � The minimum requirements of this method consist ofspiking samples with labeled 
compounds to evaluate and document analyte recovery, and preparation and analysis of 
QC samples including blanks and duplicates. Laboratory performance is compared to 
target performance criteria to establish the performance requirements of the method. 

9.2 � Labeled Compounds 

The laboratory shall spike all samples with the labeled standard spiking solutions 
(Sections 7.5.3.2 and 7.5.4) to assess method performance on the sample matrix. 
Recovery oflabeled standards from samples should be assessed and records should be 
maintained. 

" .... 
.,,1.J...,1. A..u..:.yze each sample according to the procedm:es in ~ection 11. Corupute the 

percent recovery of the labeled standards as described in Section 12.2.3. 
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9.2.2 � The·recovery of each labeled compound will be compared to the target limits in 
Table 5. If the recovery of any compound falls outside ofthes~ ~:i:;;, tl:e c.:.t::>. 
will be flagged and impact on reported concentration will bt d:::;:ussed m!te 
reported results. 

:~ ., 

9.3 � Laboratory Method Blanks 

9.3.1 � Prepare, extract, clean up, and concentrate a laboratory method blank with each 
sample batch (samples of the same matrix started through the exnctio!l process 
on the same 12-hour shift, to a maximum of20 samples). 

9.3.2 � Ifany native PCB analytes (Table 1) are found in the blank at gre2ter than 20 
percent of the concentration level found in the sample, the reported data should be 
flaggged as potentially containing some contribution from laboratory procedures. 
Ifmethod blank contamination is severe, sample preparation and analysis 
procedures should be reviewed and reprocessing the sample set should Le 
considered depending on specific project requirements. 

9.4 � QC Check Sample 

Ifavailable, analyze a QC check sample (Section 7.6.9) periodically to assure the 
accuracy ofcalibration standards and the overall reliability of the analytical proces~. It is 
suggested that the QC check sample be analyzed at least quarterly. 

9.5 � Laboratory Spike Duplicates 

9.5.1 � With each sample batch, spike duplicate scrubber water samples with PAR 
spiking solution (Section 7.6.7) and process through extraction, cleanup, and 
analysis procedures as the field samples. 

9.5.2 � Calculate precision for the duplicate laboratory spike samples as the relative 
percent difference (RPO). The RFD should be :S 50 percent. 

9.5.3 � Calculate accuracy for the laboratory spike samples by determining the percer.ra 
recovery ofspiked analytes. Accuracy should be within 40 - 160 percent for 
analytes spiked five times the background level of the scrubber water samples. 

9.6 � Method Specifications 

9.6.1 � The specifications contained in this method can be met if the apparatus used is 
calibrated properly and then maintained in a cahorated state. 

9.6.2 � The standards used for cahoration (Section 7.6.6), calibration verification 
(Section 7.6.6.3), and for laboratory spike samples (Section 7.6.7) shon.ld be 
identical, so that the most precise results will be obtained. 
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9.6.3 � A HRGCIHRMS instrument will provide the most reproducible results if 
dedicated to the settings and conditions required for the analyses ofPCB analytes 
by this method . 

. 

10.0 � HRGC/HRMS CALIBRATION 

10.1 � Operating Conditions 

Establish the operating conditions necessary to meet the minimum retention times for the 
internal and recovery standards in Table 2. 

10.1.1 � Suggested HRGC Operating Conditions 

Injector temperature: 290°C 
Interface temperature: 290 °C 
Initial temperature: 150°C 
Initial time: 2 min 
Temperature program: 150 to 200°C at 10°C/min; 200 to 280°C at 

2°C/min 

NOTE: All portions of the coh.1nm that connect the HRGC to the ion source shall 
remain at or above the interface temperature specified above during analysis to 
preclude condensation of less volatile compounds. 

The HRGC conditions may be optimized for compound separation and sensitivity. 
Once optimized, the same HRGC conditions must be used for the analysis of all 
standards, blanks, and samples. 

10 1.2 �High Resolution Mass Spectrometer (HRMS) Resolution 

10.1.2.1 � Obtain a selected ion current profile (SICP) of each analyte listed in 
Table 3 at the two exact m/z's specified in Table 6 and at :i!: 10,000 
resolving power by injecting an authentic standard of the PCBs either 
singly or as part of a mixture in which thc::re is no interference between 
closely eluted components. 

10.1.2.2 � The analysis time for PCBs may exceed the long-term mass stability of 
the mass spectrometer. Because the instrument is operated in the high
resolution mode, mass drifts of a few ppm (e.g., 5 ppm in mass) can 
have serious adverse effects on instrument performance. Therefore, a 
mass-drift corrisrtinT1 ic: n,::mrfatnrv ar,d ~ lnck-nrnsc; m/z from PFK is 
used for drift correction. The lock-mass m/z is dependent on the exact 
m/z's monitored within each descriptor, as shown in Table 6. The level 
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ofPFK. metered into the HRMS during analyses should be adjusted so 
that the amplitude of the most intense selected lock-c:uts~ z:i, L. s~ gr :i..: 
(regardless of the descriptor number) does not exceed 1 O perce':'.t of tr.c 
full-scale deflection for a given set ofdetector parameters. Under Uiosc 
conditions, sensitivity changes that might o~cur dunng tne ana1ys1s can 
be more effectively monitored. 

NOTE: Excessive PFK ( or any other reference substance) may cause 
noise problems and contamination of the ion source necessitating 
increased frequency ofsource cleaning. . . 

10.1.2.3 � If the HRMS has the capability to monitor resolution dumg the 
analysis, it is acceptable to terminate the analysis when the resolution 
falls below 10,000 to save reanalysis time. 

10.1.2.4 � Using a PFK molecular leak, tune the instrument to meet the minimum 
required resolving power of 10,000 (10 percent valley) at m/z 3~0.9760. 
For each descriptor (Table 6), monitor and record the resolution and 
exact m/zs ofthree to five reference peaks covering the mass range of 
the.descriptor. The resolution must be greater than or equal to 10,000, 
and the deviation between the exact m/z and the theoretical m/z 
(Table 6) for each exact m/z monitored must be less than 5 ppm. 

10.1.3 Ion Abundance Ratios, Minimum Levels, Signal-~o-Noise Ratios, and Absolute 
Retention Times · 

10.1.3 .1 Choose an injection volume ofeither 1- or 2-µL, consistent with the 
capability of the HRGC/HRMS instrument. Inject a 1- or 2-µL aliquot 
of the CSl calibrati9n solution (Table 4) using the GC conditions fron: 
Section 10.1.1. 

10.1.3.2 � Measure the SICP areas for each analyte, and compute the ion 
abundance ratios at the exact m/z's specified in Table 6. Compare the 
computed ratio to the theoretical ratio gi.ven in Table 7. 

The exact m/z's to be monitored in each descriptor are sho\Vll in 
Table 6. Each group or descriptor shall be monitored in succession as a 
function of GC retention time to en.sure that all of the toxic PCBs are 
detected. Additional m/zs maybe monitored in each descriptor, and the 
m/zs may be divided among more than the descriptors listed in Table 6 
provided that the laboratory is able to monitor the m/z's of all the PCR: 
that may elute from the GC in a given retention-time window. 

The mass spectrometer shall be operated in a mass-drift corre.~·tior. 
mode, using PFK to provide lock m/z's. The lock mass for each group 
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ofm/z's is sho'Wll in Table 6. Each lock mass shall be monitored and 
shall not vary by more than ±20 percent throughout its respective 
retention time window. Variations of the lock mass by more than 20 
percent indicate the presence ofcoeluting interferences that may 
significantly reduce the sensitivity of the mass spectrometer. 
Reinjection of another aliquot of the sample extract will not resolve the 
problem. Additional cleanup of the extract may be required to remove 
the interferences. 

10.1.3.3 � All PCB analytes and labeled compounds in the CSl standard shall be 
within the QC limits in Table 7 for their respective ion abundance 
ratios; otherwise, the mass spectrometer shall be adjusted and this test 
repeated untilthe m/z ratios fall within the limits specified. If the 
adjustment alters the resolution of the mass spectrometer, resolution 
shall be verified (Section 10.1.2) prior to repeat of the test. 

10.1.3.4 � The peaks representing the PCBs and labeled compounds in the CSl 
calibration standard must have signal-to-noise ratios (SIN) greater than 
or equal to 10.0. Otherwise, the mass spectrometer shall be adjusted 
and this test repeated until the peaks have SIN greater than or. equal to 
10.0. 

10.1.3.5 � Retention Time Windows -Analyze the GC retention time window 
defining and isomer specificity test solution (Section 7.5.8) t..sing the 
optimized temperature program in Section 10.1.1. Table 2 gives the 
elution order (first/last) of the window-defining compounds. 

10.1.4 Isomer Specificity 

10.1.4.1 � From the analysis of the GC retention time v.'indow and isomer 
specificity test solution (Section 10.1.3.5), compute the percent valley 
between the GC peaks for PCB 123 and PCB 118, and between the GC 
peaks forP~ 156 and 157. 

10.1.4.2 � Verify that the height of the valley between these closely eluted isomers 
is less than 25 percent. If the valley exceeds 25 percent, adjust the 
analytical conditions and repeat the test or replace the GC column and 
recalibrate. 

10.2 Initial Calibration 

:'... .:.pare a call oration curve encompassing the concentration range for each 
compound to be determined. Referring to Table 2, calculate the relative response 
factors for unlabeled target analytes (RFJ relative to their appropriate internal 
standard (Table-5) and the relative response factors for the 13C12-labeled internal 
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standards (RFJ using the four recovery standards (Table ·s) according to the 
following formulae: 

~· 

where: 

A..1 and A..' • sum ofthe integrated ion abundances ofthe quantitaticn wns (Tabl!S 2, 3 and 
6) for unlabeled PCBs, 

A.11
1 and A.1/ • sum ofthe integrated wn abundances ofthe quantitation ions (Tables 2, 3 and 

6) for the labeled internal standards, 
A.,./ and A.n' • sum ofthe integrated wn abundances_ ofthe quantitation wns fTables 2, 3 ar.d 

6) for the recovery standa7d, �
Qa • quantity ofthe internal standard injected (pg), �
Qn • quantity ofthe recovery standard injected (pg), and �
Q. • IJUantity o/the unlabeled PCB analyte injected (pg). 

RF. and the RF,. are tlbnensionless quantities; the units used to e::cpress Qi,, Q,, and Q. 
must be the same. 

10.2.2 Calculate the mean relative response factors and their respective percent relative 
standard deviation (%RSD) for the five calibration solutions. If the mean relative 
response factors between the analytes is not with.in 35% RSD, the instrument must 
be re-calibrated. 

s 
L RF,,(j) 

RFn = 
JsJ 

5 

where n represenJs a particular PCB congener (n • 1 to 13; Table 3), andj is the 
injection or calibration soludon number; 0 • 1 to 5). 

Js::,J 

5 
where ls represent! apartkllUU' PCB inurnal stlllldard (ls• U to 23; Table 3), andj 
ls the injection or calibration sollltion number; 0 • 1 to 5). 
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10.3 Operation Verification 

At the beginning of each 12-hour shift during which analyses are performed, 
HRGC/HRMS system performance and calibration are verified for all native PCBs and 
labeled compounds. F.or.these tests, analysis of the CS3 calibration verification (VER) 
standard (Section 7.5.6 ..and Table 4) and the isomer specificity test solution (Section 7.5.8 
and Table 8) shall be used to verify all performance criteria. Adjustment and/or _ 
recalibration (Section 10) shall be performed until all performance criteria are met. Only 
after all performance criteria are met may samples and blanks be analyzed. 

10.3.1 HRMS Resolution 

A static resolving power ofat least 10,000 (10 percent valley definition) must be 
demonstrated at the appropriate m/z before any analysis is performed. Static 
resolving power checks must be performed at the beginning and at the end of each 
analysis batch according to procedures in Section 10.1.2. Corrective actions must 
be implemented whenever the resolving power does not meet the requirement. 

10.3.2 Calibration Verification 

10.3.2.1 � Inject the VER standard using theprocedure in Section 11.9. 

10.3.2.2 � The m/z abundance ratios for all PCBs shall be within the limits in 
Table 7; otherwise, the mass spectrometer shall be adjusted until the 
m/z abundance ratios fall within the limits specified, and the 
verification test shall be repeated. If the adjustment alters the resolution 
of the mass spectrometer, resolution shall be verified (Section 10.1.2) 
prior to repeat of the verification test. 

10.3.2.3 � The peaks representing each native PCB and labeled compound in the 
VER stand2.I'd cust be present with a SIN ofat least 1O; otherwise, the 
mass spectrometer shall be adjusted and the verification test repeated. 

10.3 .2.4 � Calculate the relative response factors (RF) for unlabeled target 
analytes [RF(nl; n = 1 to 13 from Table 3] relative to their appropriate 
internal standards (Table 2), and the Rfis for the 13C12-labeled internal 
standards [RF(ill; is= 14-23] relative to the recovery standards (Table 2) 
using the equations shown in Section 10.2.1. 

10.3.2.5 � For each compound, compare the relative response factor with those 
generated in the initial calibration. Relative response factors should be 
within 35 percent of initial calibration results for 70% of the analytes 
for the calibration to be verified. Once verified, analysis of standards 
and sample extracts may proceed. If, however, fewer than 70% of the 
response factors are within the 35% limit, the measurement system is 
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not performing properly for those compounds. In this event, prepar:! a 
fresh calibration standard or correct the problem ca1:si:ig tlle f;li;'.;:e and 
repeat the resolution (Section 10.1.2) and calibratim, verificaticr 
(Section 10.3.2) tests, or recalibrate (Section 10). Per the analyst's 
<11scretion, resuits may also be reported for these an:uytes uslllg u1c: 

average calibration verification response factors bracketing the samples 
rather than the mean.response factor generated in the initial calibration 
If this option is chosen, data reported using an average calibraticri 
verification response factor should be flagged and discussed in Lie final 
report. 

10.3.3 Retention Times 

The absolute retention times of the GC/MS internal standards in the calibration 
verification shall be within ±15 seconds of the retention times obtained during 
initial calibration. 

10.3.4 HRGC Resolution 

10.3.4.l � Inject the GC retention time window defining and isomer specificity 
test solution (Section 7.5.8). 

10.3.4.2 � The valley height between PCBs 123 and 118 at m/z 325.8804 shall not 
exceed 25 percent, and the valley height between PCBs 156 and 15 7 
shall not exceed 25 percent at m/z 359.8415 on the GC columns. 

10.3.4.3 � If the absolute retention time of any compound is not within the limits 
specified or if the congeners are not resolved, the GC is not performint 
properly. In this event, adjust the GC and repeat the calibration 
verification test or recalibrate, or replace the GC column and either 
verify calibration or recalibrate. 

10.4 . ·nata Storage 

MS data shall be collected, recorded, and stored. 

10.4.1 Data Acquisition 

The signal at each exact m/z shall be collected repetitively throughout the 
monitoring period and stored on a mass storage device. 

' . 
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10.4 .2 Response Factors and Multipoint Calibrations 

The data system shall be used to record and maintain lists of response factors and 
multipoint calibration curves. Computations of relative standard deviation 
( coefficient of.variation) shall be used to test calibration linearity. 

11.0 � PROCEDURE 

11.1 � Sample preparation involves modifying the physical form of the sample so that the toxic 
PCBs can be extracted efficiently. For samples known or expected to contain high levels 
of the PCB analytes, the smallest sample size representative of the entire sample should · 
be used. The method provides directions for samples that have either s5% solids or for 
samples that have >5% solids. 

11.1.1 Scrubber water samples with 5% solids or less (visual estimate) 

11.1.1.1 � Shake or stir (with n clean glass rod) the sample for one minute to 
obtain a representative water aliquot Transfer a 1-L aliquot to a clean 
bottle. 

11.1.1.2 � Spike the internal standard spiking solution (Section 7.5.3.2) into the 
bottle. Cap the bottle and mix the sample by shaking carefully. Allow 
the sample to equilibrate for 30 minutes, with occasional shaking. 

11.1.1.3 � Add 5 mL ofmethanol to the sample. Cap and shake the sample to mix 
thoroughly. Extract the sample using the SPE technique (Section 
11.4.1), or an equivalent approved procedure. · 

11.1.2 Scrubber water with greater than 5% solids (visual estimate) 

11.1.2.1 � Determine percent s~lids according to Section 11.3. 

11.1.2.2 � Shake or stir (with a clean glass rod) the sample for one minute to 
obtain a representative water aliquot. Transfer a 1-L aliquot to a clean 
bottle. 

11.1.2.3 � Filter the aliquot and spike the filtrate with the internal standard spiking 
solution (Section 7.5.3.2). Allow the filtrate to equilibrate for 30 
minutes with occasional shaking. Add 5 mL ofmethanol to the filtrate. 
Cap and shake the filtrate to mix thoroughly. 
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11.1.2.4 � Extract the :filtrate using SPE as described in Section 11.4.1, or by using 
an equivalent approved procedure. Extract the filter ~d u,1:e-:t,.,c 
solids using Soxhlet techniques as described in Section 11.4.?. 

11.2 � Method Blank and Lab<?ratory Spike Samples 
~· 

11.2.1 �With each sample set, a laboratory method blank and duplicate laborat::iry spike 
samples must be processed through the same steps as the samples to check for 
contamination and losses in the preparation processes. 

11.2.2 For each sample or sample batch (to a maximum of20 samples) to be extracted 
during the same 12-hour shift, place three 1.0-L aliquots ofreagent water in ciean 
sample bottles or flasks. 

11.2.2.1 � Spike two of these aliquots with PAR spiking solution (Section 7.5.7). 
These two PAR-spike aliquots will serve as the duplicate laboratory 
spike samples (Section 9 .5). 

11.2.2.2 � The unspiked aliquot will serve as the laboratory method blank. 

11.2.2.3 � Process the duplicate laboratory spike samples and the laboratory 
method blank according to procedures for scrubber water with 5% 
solids or less (Section 11.1.1 ). 

11.3 � Percent Solids Detemrination 

Note: � This aliquot is used for determining the solids content of scrubber water samples 
with visually >5% solids content, and not for determination ofPCBs. 

11.3.1 � Weigh a weighing pan or beaker to three significant figures. 

11.3.2 Transfer 10.0 :I: 0.02 g ofwell-mixed sample to the pan or beaker. 

11.3.3 �Dry the sample for a minimum of 12 hours at 110_ :1: 5°C and cool in a desiccator 
until the sample has equilibrated to room temperature. Weigh the dry sample plus 
beaker. 

11.3.4 Calculate percent solids as follows: 

% ,olid.s z weight of1ampk phi., buar aft,r drying (g) - weight of b,aker (g) x 100 
10 g : 
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11.4 Extraction and Concentration 

11.4.1 � Extraction procedures include solid phase (Section 11.4.1) for scrubber water with 
a percent solids content of .s:5%. 

11.4.2 A combination of solid phase (for the filtrate) and Soxhlet (for the solids) 
extraction procedures are provided for scrubber water 'With a percent solids 
content of>5%. 

11.4.3 Solid Phase Extraction 

11.4.3.1 SPE cartridge preparation 

11.4.3.1.1 � Place two SPE cartridges in the vacuum manifold. 

11.4.3.1.2 � Condition the cartridges with 1 S mL aliquots ofmethylene 
chloride, methanol, and deionized water. Do not allow the 
cartridge to go dry from this point until the extraction is 
completed. 

11.4.3.2 Sample extraction 

11.4.3 .2.1 � Al.low the sample to equilibrate for 1-2 hours to settle the 
suspended particles. 

11.4.3.2.2 � Allow a 1 L aliquot of the sample to be pulled through the 
two SPE cartridges (approximately 500 mL in each). 

11.4.3 .2.3 � Adjust the vacuum to complete the extraction in no less 
than 15 minutes. An additional SPE cartridge may be used 
if clogging prevents sufficient sample throughput. 

11.4.3.2.4 � B~fore all of the sample iias been pulled through the 
cartridge, add approximately 20 mL of reagent water to the 
sample bottle, swirl to suspend the solids (ifpresent), and 
pour into the second reservoir. Pull through the SPE 
cartridge. Use additional reagent water rinses until all solids 
are removed. 

11.4.3 .2.5 � Before all of the sample and rinses have been pulled 
through the cartridge, rinse the sides of the reservoir with 
small portions ofreagent water. 

11.4.3.2.6 Dry the cartridges under vacuum for 2 hours. 
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11.4.3 .3 Cartridge Elution 

11.4.3.3.1 

- . 

11.4.3.3.2 

11.4.3.3.3 

11.4.3.3.4 

11.4.3.3.5 

11.4.3.3.6 

11.4.3.3.7 

11.4.3.3.8 

11.4.3.3.9 

. 11.4.4 Soxhlet Extraction 

Release the vacuum, remove reservoir frcr:i. ~e vacm..~. 
manifold, and discard the extracted aqueous solutio:::i. 

Insert two vials for cluant collection into the manifold. 
Each vial should have sufficient capacity to contain the 
total volume of the elution solvent (approximately 11. m.L) 
and should fit around the drip tip. 

The drip tip should protrude into the vial to preclude loss of 
sample from spattering when vacuum is appli~d. 
Reassemble the vacuum manifold. 

Wet each cartridge with 6 mL of acetone. Allow the solver:: 
to soak the C 18 beads for 15-20 seconds. Pull all of the 
solvent through the cartridges into the vials. 

Wet each cartridge with 6 mL ofmethylene chloride. Allow 
the solvent to soak the C18 beads for 15-20 seconds. ?ull all 
ofthe solvent through the cartridge into the vial. 

Release the vacuum, remove the vial containing the sample 
solution. 

Quantitatively transfer the solution to a 250-mL separator;· 
funnel (final volume is approximately 50 mL of hexane 
extract). 

If the percent solids content of the sample is ~5%, proccec' 
to Section 11.5 for acid and base partitioning 

If_the percent solids content of the sample is> 5%, combine 
the sample's filtrate extract with the solids extract, as 
specified in Section 11.4.2.10 . 

11.4.4.1 Place a clean extraction thimble (Section 6.3.3.2) in a clean 
extractor. 

11.4.4.2 Place 30 to 40 mL ofmethylene chloride in the receiver and 200 tc, 
250 mL ofmethylene chloride in the flask. 

11.4.4.3 Load the solids and filter into the thimble. 
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11:4.4.4 � Add approximately 5 g ofN~S04 to the thimble. 

11.4.4.5 � Add a plug ofclean glass wool to the thimble to prevent the filter 
from floating on top of the extraction solvent. 

11.4.4.6 � Reassemble the Soxh.let apparatus, and apply power to the heating 
mantle to begin extracting. Frequently check the apparatus for 
foaming during the first 2 hours of extraction. If foaming occurs, 
reduce the extraction rate until foaming subsides. 

11.4.4.7 � Extract the solids/filter for a total of 16 to 24 hours. Cool and 
disassemble the apparatus. 

11.4.4.8 � Concentrate the extract to a final volume of 10 mL; transfer 5 mL of 
the extract to a 10 mL storage vial with a PTFE-lined screw cap. 
Label the extract and store at <0°C. Mark the liquid level on the vial 
with a permanent marker to monitor solvent evaporation during 
storage. 

11.4.4.9 � Solvent exchange the other half of the extract (5 mL) into hexane by 
adding 10 mL ofhexane, concentrating down to 1 mL using K-D 
evaporation, adding 10 mL hexane, and concentrating down again to 
2 mL. Transfer the extract with three aliquots (15 mL each) of 
hexane into a 250-mL separatory funnel. Proceed to Section 11.5 to 
start cleanup procedures. 

11.4.4. l O Combine the water filtrate extract from Section 11.4.3.3.9 with the 
solids extract. Proceed to Section 11.5 to begin the cleanup 
procedure. 

11.5 � Acid and Base Partitioning 

11.5.1 � Spike the cleanup standard (Section 7.5.4) into the separatory funnels containing 
the sample extracts from Section 11.4. 

11.5.2 � Partition the extract against 50 mL of sulfuric acid (Section 7.1.2). Shake for 2 
minutes with periodic venting into a hood. Remove and discard the aqueous 
layer. Repeat the acid washing until no color is visible in the aqueous layer to a 
maximum of four washings. 

11.5.3 Partition the extract against 50 mL ofsodium chloride solution (Section 7.1.4) 
i~1 the same way as with the acid. Discard the aqueous layer . 

. 11.5 .4 ?artition the extract against 50 mL of potassium hydroxide solution 
(Section 7.1.1) in the same way as with the acid. Repeat the bac;e washing until 
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no color is visible in the aqueous layer to a maximum of four washings. 
Minimize contact ti.me between the extract and the base to pte·,e.ut _:i;~::.da.:::.;n 
of the PCBs. 

11.5.5 � Repeat the pMtitioning against sodium chloride solution two more times, each 
time discarding the aqueous layer. 

11.5.6 � Pour each extract through a drying column containing 7 to 10 cm of granular 
anhydrous sodium sulfate (Section 7.2.l). Rinse the separatory funnel witll 30 to 
50 mL of solvent, and pour through the drying column. Collect each extract in a 
round-bottom flask. 

11.5.7 � Concentrate the extracts (Sections 11.6), and clean the extracts per Section 11.7. 

11.6 � Macro-Concentration - Extracts in methylene chloride or n-hexane are concentrated 
using rotary evaporation, a Kuderna-Danish, or Turbovap apparatus. 

11.6.1 Rotary evaporation - Concentrate the extracts in separate round-bottom flasks. 

Note: Improper use of the rotary evaporator may c_ause contamination of the 
sample extract. 

11.6.1.1 � Assemble the rotary evaporator according to manufacturer's 
instructions, and warm the water bath to 45°C. Ou a daily basis, 
preclean the rotary evaporator by concentrating 100 I!1L of clean 
extraction solvent through the system. Archive both Ll-ie concentrated 
solvent and the solvent in the catch flask for a contamination check if 
necessary. Between samples, use three 2- to 3-m.L aliquots of 
solvent to rinse the feed tube between samples. Collect waste in a 
waste beaker. 

11.6.1.2 � Attach the round-bottom flask containing the sample extract to thf 
rotary evaporator. 'Slowly apply vacuum to the system, and begin 
rotating the sample flask. 

11.6.1.3 � Lower the flask into the water bath, and adjust the speed ofrc,tatior 
and the temperature as required to complete concentration in 15 to 
20 minutes. At the proper rate ofconcentration, the flow of solvent 
into the receiving flask must be steady, with no bumping or visible 
boiling of the extract occurring. 

Note: If the rate ofconcentration is too fast, analyte loss may occur. 

11.6.1.4 � 'When the liquid in the concentration flask has reach~d an r.ppareD.t 
vr;1 · - , c: approximately 2 mL, remove the flask from the water bath 
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and stop the rotation. Slowly and carefully admit air into the system. 
Be sure not to open the valve so quickly that the sample is blown out 
of the flask. Rinse the feed tube with approximately 2 mL of solvent. 

11.6.2 � Kuderna-Dani~h (K-D}-Concentrate the extracts in separate 500-mL K-D 
flasks equipped with 10-mL concentrator tubes. The K-D technique is used for 
solvents such as methylene chloride and n-hexane. 

11.6.2.l � Add 1 to 2 clean boiling chips to the receiver. Attach a three~ball 
macro-Snyder column. Pre-wet the column by adding approximately 
1 mL ofsolvent through the top. Place the K-D apparatus in a hot 
water bath so that the entire lower rounded surface of the flask is 
bathed with steam. 

11.6.2.2 �. Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 15 to 20 
minutes. At the proper rate of distillation, the balls of the column 
will actively chatter but the chambers will not flood. 

11.6.2.3- When the liquid has reached an apparent volume of 1 mL, remove 
the K-D apparatus from the bath and allow the solvent to drain and 
cool for at least 10 minutes. 

11.6.2.4 � Remove the Snyder column and rinse the flask and its lower joint 
into the concentrator tube with 1 to 2 mL of solvent. A 5-mL syringe 
is recommended for this operation. 

11.6.2.5 � Remove the three-ball Snyder column, add a fresh boiling chip, and 
attach a two-ball micro-Snyder column to the concentrator tube. Pre
wet the column by adding approximately 0.5 mL of solvent through 
the top. Place the apparatus in the hot water bath. 

11.6.2.6 � Adjust the vertical position and the water temperature as required to 
complete the concentration in 5 to 10 minutes. At the proper rate of 
distillation, the balls of the column will actively chatter but the 
chambers will not flood. 

11.6.2.7 � When the liquid reaches an apparent volume of0.5 mL, remove the 
apparatus from the water bath and allow to drain and cool for at least 
10 minutes. 

11 fi ~ 	 Turbovap - Concentrate the extracts in separate 250-mL Turbotubes. The 
Turbovap technique is used for solvents such as methyl~e chloride and n
hexane. 
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11.7 Column Chromatography Cleanup 

11.7.1 Silica Gel Cleanup 

11.7.1.1 � :EHa:ce a glass-wool plug in a 15-mm ID chromatography column 
(Section 6.5.2.2). Pack the column bottom to top with 1 g silica gel 
(Section 7.4.1.1), 4 g basic silica gel (Section 7.4.1.3), 1 g silica gei, 
8 g acid silica gel (Section 7.4.1.2), 2 g silica gel, and 4 g granular 
anhydrous sodium sulfate (Section 7.2.1). Tap the column to settle 
the adsorbents. 

11.7 .1.2 Pre-elute the column with 50 to 100 mL ofn-nexane. Close the 
stopcock when then-hexane is within 1 mm of the sodium sulfate. 
Discard the eluate. Check the column for channeling. If charu:!eling is 
present, discard the column and prepare another. 

11.7.1.3 Apply the concentrated extract to the column. Open the stopcock 
until the extract is within 1 mm of the sodium sulfate. 

11.7 .1.4 Rinse the receiver twice with 1-mL portions ofn-hexane, and apply 
separately to the column. Elute the PCBs with 75 mL ofn-hexane 
and collect the eluate. 

11.7 .1.5 � Concentrate the eluate per Section 11.6 and proceed to Section 
11.8.2 for carbon column cleanup. 

11.7 .1.6 For extracts of samples known to contain large quantities ofother 
organic compounds, it may be advisable to increa.$e the capacity of 
the silica gel column. This may be accomplished by increasing the 
strengths of the acid and basic silica gels. The acid silica gel (Sectior 
7.4.1.2) may be increased in strength to as much as 44% w/w (7.9 g 
sulfuric acid added to 10 g silica gel). The basic silica gel (Section 
7.4.1.3) may be in:creaseq in strength to as much as 33% w/w (50 mL 
lN NaOH added to 100 g silica gel). 

_ 11.7.2 � Carbon Column 

11.7.2.1 Cut both ends from a 50-m.L disposable serological pipet (Section 
6.6.1.2) to produce a 20-cm column. Fire-polish both ends and flare 
both ends ifdesired. Insert a glass-wool plug at one end, and pack 
the column with 3.6 g ofCarbopak/Celite (Section 7.4.2.3) to form 
an adsorbent bed 20 cm long. Insert a glass-wool plug on top of the 
bed to hold the adsorbent in place. 

j 
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11.7.2.2 � Pre-elute the column with 20 mL each in succession ofmethylene 
chloride, and n-hexane. 

11.7 .2.3 � When the solvent is within 1 mm of the column packing, apply the 
n,.~exane sample extract to the column. Rinse the sample container 
twice with 1-mL portions ofn-hexane and apply separately to the 

- column. Apply 2 mL ofn-hexane to complete the transfer. 

11.7 .2.4 � Elute the column with 25 mL ofn-hexane and collect the eluate. 
This :fraction will contain the mono- and di-ortho PCBs. 

11.7.2.5 � Elute the column with 15 mL ofmethanol and archive the eluate. 
This second fraction will contain residual lipids and other potential 
interferents, ifpresent. 

11.7.2.6 � Elute the column with 15 mL of toluene and collect the eluate. This 
:fraction will contain PCBs 77, 126, and 169. Combine the first and 
third :fractions, and if carbon particles are present in the combined 
eluate, filter through glass-fiber filter paper. 

11.7.2.7 � Concentrate the combined hexane and toluene fractions per Section 
11.6 and proceed to Section 11.8 for final concentration. 

11.8 � Concentration to Final Volume 

11.8.1 � The extract is concentrated in a calibrated concentratcr tube to a final 
volume of20 µL to 1 mL, per the analyst's discretion, under a gentle 
stream of nitrogen. 

11.8.2 � Add 10 µL of the recovery standard solution (Section 7.5.5) to the 
sample extract. 

11.8.3 � Proceed to Section 1 L9 for HRGC/HRMS analysis. 

11.9 � HRGC/HRMS Analysis 

11.9.1 Establish the operating conditions given in Section 10.1, perform initiai 
calibration ifnecessary (Section 10.2), or verify calibration (Section 10.3). 

11.9.2 � If an extract is to be reanalyzed and evaporation has occurred, do not add more 
recovery standard solution. Instead, bring the extract back to its previous 
volume (e.g., 19 µL, or 18 µL if2 µL injections are used) with pure nonane. 
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11.9.3 � Inject 1.0 or 2.0 µL of the concentrated extract containing the recovery standard 
solution, using on-column. or split]ess injection. The volume inj1;.:,t1:..cl t!1, Et t'':! 
identical to the volume used for cahoration (Section 10.1.3.1). 

11.9.4 � Start the HRQ9 column initial isothermal hold upon injection . .::>tan n.K...v1.) 

data collection after the solvent peak elutes. Stop the data coi.lection after the 
13C12-PCB 209 has eluted. Retu.-n the column to the initial terape::-ature fo::: 
analysis of the next extract or standard. 

12.0 	 DATA ANALYSIS AND CALCULATIONS 

12.1 � Qualitative Determination 

A PCB analyte or labeled compound is identified in a standard, blank, or sample when 
all of the criteria in Sections 12.1.1 through 12.1.4 are met. If the criteria fo{ 

identification in Sections 12.1.1-12.1.4 are not met, the PCB analyte has not bem 
positively identified. If interferences preclude identification, an estimated maximum 
possible concentration (EMPC) can be reported (Section 12.2.5), or options for fu...t.h~'T 
cleanup can be explored depending on specific project requirements ..... 

12.1.1 � The signals for the two exact m/z's in Table 6 must be present and must 
maximize within the same two seconds. 

12.1.2 � The signal-to-noise ratio (SIN) for the GC peak at each exact m'z mus: 
be greater than or equal to 2.5 for each PCB detected in a sa."Tipk cxtrdct 
and greater than or equal to 10 for all PCBs in the calibration sta11dac(: 
(Section 7.5.6). · 

12.1.3 � The ratio of the integrated areas of the two exact m/z's specified ir. 
Table 6 must be within the limit in Table 7, or within ±10 percer,: of t}w 

ratio in the midpoint (~S3) calibration or calibration verifica~io11 (\1:1< 
whichever is most recent. 

12.1.4 � The relative retention time of the peak for a toxic PCB must be ,•,itbu, 
:1:15 seconds of the retention times obtained during calibration. 

12.2 � Quantitative Determination 

12.2.1 � For gas chromatographic peaks that have met the criteria outlined in 
Section 12.1, calculate the concentration of the PCB compounds in th( 
extract, using the formula: 
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where: �

C,. -= concentration ofwilabtled PCB congeners in the sample (pg!L), �
A,. • sum ofthe integrated ion abundances ofthe quantitation ions (Tables 2, 3 and �

6) for unlabeled PCBs, 
A,. • sum ofthe integrated ion abundances ofthe qua.ntitation ions (Tables 2, 3 and 

6) for the labeled internal standards, 
Q., • quantity, in pg, ofthe internal standard added to the sample before extraction, 

RF. • calculated mean relative response/actor for the analyte (RF.with n•l to 13; 
Section 10.2.1), �

V, • ~olllme ofsample extracted (L), �

12.2.2 � Calculate the percent recovery of the eleven internal standards measured 
in the sample extract, using. the formula: 

A. xQ �
Percent recovery = ,s rs x 100 �

Q. x A xRFis 
-- IS � TS 

where: 

• sum ofthe integrated ion abundances ofthe quanti:Jation ions (Tables 2, 3A0 
and 6) for the labeled internal standard, 

A,. • sum ofthe integrated ion abundances ofthe quanti:Jation ions (Tables 2, 3 
and 6) for the labeled recovery standard, 

Q;, -= quantity, in ng, ofthe internal standard added to the sample before 
o:traction, 

Q,, • quantity, in ng, ofthe recovery standard added to the cleaned-up sample 
extract before.HRGCIHRMS analysis, and 

RF" -= � calculated mean relative response factor for the labeled internal standllrd 
relative t" the appropriate recovery standard. This represents the mean 

obtained in Se':'ion 10.2.2 ( RF,. with is-= U to 23, Table 3)_. 

The percent recovery of the cleanup standards is calculated similarly. 
The percent recovery should meet the criteria shovm in Table 5. If 
recoveries are outside the limits ofTable 5, the data should be flagged 
and the impact on reported results discussed in the final report. 

12.2.3 � Outside Calibration Range 

12.2.3.1 � If the SICP area at either quantitation m/z for any compound exceeds 
the calibration range of the system, the extract must be diluted and 
re-analyzed. 
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12.2.3.2 � Dilute the sample extract by a factor of 10, adjust the concentra:ion 
of the recovery standard to 100 pglµL in the extra(;!, ..:r:r. ar.;j,!;'7.~ an 
aliquot of this diluted extract. 

12.2.4 � Estimatea D.etection Limit (EDL) 

EDL (pg/ L)= (HJ.+ H2.) (RFn) (J-:) 
II . II � I 

whe...e: 

Hl, and H2, • � The heights ofthe noise where the primary and secondary ml:'sfor the 
PCBs would elute. . 

Bl" and H2" • � The heights ofthe response ofthe primary and secondary ml:.'s/or the 
intunal standard, 

Md Q., RF,,, and V. are as d~cribed in Sectior. 12.2.1. 

12.2.5 Estimated Maximum Possible Concentration (E:MPC) 

When the response ofa signal having the same retention-time as a toxic PCB 
congener has a SIN in excess of2.5 and does not meet all of the other 
qualitative identification criteria listed in Section 12.1 calculate an Estimated 
Maximum Possible Concentration (E:MPC). The EMPC is calculated using the 
equation in Section 12.2.1, except that Ax should represent the sum ofthe area 
under the smaller peak and of the other peak area calculated using the 
theoretical chlorine isotope ratio. The value shall be noted as EMPC and the 
results reported. 

12.2.6 � Results are reported to three significant figures for the PCBs and labeled 
· compounds found in all standards, blanks, and samples. 

Note: Reported results will not be adjusted for field or laboratory blank levels. 

12.2.6.1 � Scrubber Water- results in pg.IL (parts-per-quadrillion). 

- 12.2.6.2 � Blanks-Report results above the EDL. Do not blank-correct results 
Ifa blank accompanying a sample result shows contamination above 
the EDL for the congener, flag the sample result and report the 
results for the sample and the accompanying blank. 

12.2.6.3 � Dilutions (Section 12.2.3.2) 

Results for PCB analytes in samples that have been diluted; for this 
EPA project, both the undiluted and diluted PCB results are to be 

.., 
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reported, whether or not all of the analytes are within the calibration 
range. 

12.2.7.4 Non-Detects 

:• " 

Note the non-detected PCB analytes as ND and report the estimated 
detection limit established during the analysis. 

13.0 � METHOD PERFORMANCE 

13.1 � In a l.imjted single laboratory demonstration of this method using scrubber water samples, 
estimated detection limits of approximately 25 pg/L were achieved for PeCB; 5 pg/L for 
HxCB; and 30 pg/L for HpCB. 

13.2 � Interlaboratory testing of this method to determine overall precision and bias has not been 
performed. 

14.0 � POLLUTION PREVE1'T'fl0N 

This method uses solid phase extraction (SPE) techniques for the extraction ofPCBs 
from liquid matrices. SPE uses much less solvent, about 1/100 as much, as traditional 
liquid-liquid extraction techniques. 

15.0 � WASTE ~~AGEMENT 

PCB waste should be disposed of according to Toxic Substances Control Act (TSCA) 
guidelines 40CFR 700-789, and hazardous waste should be disposed of according to 
Resource Conservation and Recovery Act (RCRA) guidelines 40CFR 260-269. 
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17.0 TABLES AND FIGURES �

Table 1. Toxic Polychlorinated Biphenyls Determined by High Resolution Gas Chromatography 
(HRGC)/High Resolution Mass Spectrometry (HR!\t1S) 

PCB1 

Target .Analytes 
3,3',4,4'-TCB �
2,3.3',4.4'-PeCB �
2,3,4,4',5-PeCB �
2,3',4,4',5-PeCB �
2',3,4,4',5-PeCB �
3.3',4,4',5-PeCB �
2,3.3',4,4',5-HxCB �
2.3,3',4,4' ,5'-HxCB �
2,3',4,4',5,5'-HxCB �
3,3',4,4' ,5,5'-HxCB �
2,2',3.3 ',4,4' ,5-HpCB �
2,2',3,4,4',5,5'-HpCB �
2,3,3',4,4',5,5'-HpCB �
Internal Standards 
3,3',4,4'-TCB 
2,3.3',4,4'-PeCB 
2,3,4,4',5-PcCB �
2,3 ',4,4',5-PeCB �
2',3,4,4',5-PcCB �
3,3',4,4',5-PeCB �
2,3,3',4,4',5-HxCB �
2,3,3',4,4',5'-HxCB �
2,3',4,4',5,5'-HxCB �
3,3',4,4',5,5'-HxCB �
2,2',3,3',4,4',5-HpCB �
2,2',3,4,4',5,5'-HpCB �
2,3,3',4,4',5,5'-HpCB �
Cleanup Standards 
13C12-3,4,4',5-TCB 
13Cu-2,3,3',5,5'-PcCB 
Recoverv Standards 
13Cu-2.2',5,5'-TCB �
13Cu-2.2',4,4,5'-PcCB �
13C � -2,2' 3 4 4' 5'-HxCB 

u ' ' ' '13Cu-2,2',3,3',5,5',6-HpCB 
Final Eluter Standard 
uc!2·DCB 

1 Polychlorinated biphenyls: 

Native compound 
CAS Registry No. 

32598-13-3 �
32598-14-4 �
74472-37-0 �
31508-00-6 �
65510-44-3 �
57465-28-8 �
38380-08-4 �
69782-90-7 �
52663-72-6 �
32774-16-6 �
35065-30-6 �
35065-29-3 �
39635-31-9 �

160901-67-7 �
160901-70-2 �

_ 160901-72-4 
160901-73-5 
160901-74-6 
160901-75-7 
160901-77-9 
160901-78-0 
161627-18-5 
160901-79-1 
160901-80-4 
160901-82-6 
160901-83-7 

160901-68-8 �
160901-71-3 �

160901-66-6 �
160901-69-9 �
160901-76-8 �
160901-81-5 �

160901-84-8 

TCB �
PcCB �
HxCB 
rip......"E 
DCB 

= Tctrac~orobiphenyl 
= Pcntacblorobipbenyl 
= Hexacblorobiphenyl 
= Hcptacblorobiphci../1 
= Dccacblorobiphenyl 

2 Suffix "L" designates a labeled compound. 
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IUPAC 
No.2 

77 
105 
114 
118 
123 
126 
156 
157 
167 
169 
170 
180 
189 

771 
105L 
114L 
118L 
123L 

·126L 
156L 
1571 
1671 
169L 
170L 
180L 
189L 

81 
111 

52 
101 
138 
178 

209 



Table 2. Retentipn Time (RT) References, Quantitation References, and Retention Times 
{R.Ts) for the Toxic PCBs 

IUPAC . IUPAC Retention time and 'PTl 
.No.1 PCB congener 

:"! 

No.1 guantitation reference (min) 

S2L 13C12-2,2',S,S'-TCB _3 13CI2-2,2',5,S'-TCB 28.S6 
81L 13C12-3,4,4',S-TCB4 52L 13Cl2-2,2',5,5'-TCB 17.89 
77L 13C12-3,3',4,4'-TCB 52L 13Cl2-2,2',5,S'-TCB 38.85 
77 3z3'z4,4'-TCB 77L 13C12-313'z414'-TCB 38.85 
lOlL 13Cl2-2,2',4,5,5'-PeCB 13Cl2-2,2',4,5,5'-PcCB 35.02 
lllL 13Cl2-2,3,3',5,5'-PeCB4 101L 13C12-2,2',4,5,5'-PeCB 37.13 
123 2',3,4,4',5-PeCB 118L 13Cl2-2,3',4,4',5-PcCB 39.90 
118L 13Cl2-2,3',4,4',5-PeCB 101L 13C12-2,2',4,S,S'-PcCB 40.17 
118 2,3',4,4',S-PcCB 118L 13Cl2-2,3',4,4',5-PcCB .10.17 
114 2,3,4,4',S-PeCB 105L 13Cl2-2,3,3',4,4'-PcCB 40.79 
10SL 13CI2-2,3,3',4,4'-PeCB lOlL 13C12-2,2',4,5,5'-PcCB 42.22 
105 2,3,3',4,4'-PeCB 105L 13C12-2,3,3',4,4'-PcCB 42.22 
126L 13C12-3,3',4,4',S-PcCB lOlL 13Cl2-2,2',4,S,5'-PcCB 44.75 
126 3,3'1414',5-PcCB 126L 13Cl2-3,3'14,4',5-PcCB 44.75 
138L 13Cl2-2,2',3,4,4',5'-HxCB 13Cl2-2,2',4,5,5'-PcCB 43.23 
167L 13C12-2,3',4,4',5,5'-HxCB 138L 13Cl2-2,2',3,4,4',5'-HxCB 45.72 

·167 2,3',4,4',5,S'-HxCB 167L 13Cl2-2,3',4,4',5,5'-HxCB 45.72 
156L 13Cl2-2,3,3',4,4',S-HxCB 138L 13Cl2-2,2',3,4,4',5'-HxCB 47.37 

·157L 13Cl2-2,3,3',4,4',5'-HxCB 138L 13C12-2,2',3,4,4',5'-HxCB 47.79 
156 2,3,3',4,4',5-HxCB 156L 13C12-2,3,3',4,4',5-HxCB 47.37 
157 2,3,3',4,4',5'-HxCB 157L 13C12-2,3,3',4,4',5'-HxCB 47.79 
169L 13C12-3,3',4,4',5,5'-HxCB 138L 13Cl2-2,2',3,4,4',5'-HxCB 50.25 
169 313'14z4'1515'-HxCB 169L 13C12-3z3'1414'z5 15'-HxCB 50.25 
178L 13Cl2-2,2',3,3',S,5',6-HpCB 13C12-2,2',4,5,5'-PcCB 42.88 
180L. 13Cl2-2,2',3,4,4',5,5'-HpCB 178L 13C12-2,2',3,3',S ,S',6-HpCB 47.88 
180 2,2',3,4,4',5,5'-HpCB 180L 13Cl2-2,2',3,4,4',S,5'-HpCB 47.88 
170 2,2',3,3',4,4',5-HpCB 180L 13Cl2-2,2',3,4,4',5,5'-HpCB 49.90 
189L 13Cl2-2,3,3',4,4',5,5'-HpCB ~78L- 13C12-2,2',3,3',5,5',6-HpCB 52.56 
189 2,3,3',4,4',5,5'-HpCB 189L 13C12-2,3,3',4,4',5,5'-HpCB 52.56 

. 209L 13C12-DCB' 178L 13C12-2,2',3,3',5,5',6-HpCB 56.63 

1 Suffix "L" indicates labeled compound. · 
2 Retention time data are for HT-8 column (per manufacturer). 
3 Absolute recovery standards. 
' Cleanup standard. 
s Final elutcr. 
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Table 3. Concentrations ofStock and Spiking Solutions Containing the Native PCBs and 
Labeled Compounds 

Spiking Spiking 
m/z Stock3 So1ution1 Level 

Cpd.No. Compound type (ng/mL) (ng/mL) (ng) 

Precision and Recovery 
Standard.r 

1 3,3',4,4'-TCB 77 20 0.8 0.8 
2 2,3,3',4,4'-PeCB 105 1000 40 40 
3 2,3,4,4',5-PeCB 114 1000 40 40 
4 2,3',4,4',5-PeCB 118 1000 40 40 
s 2',3,4,4',5-PeCB 123 1000 40 40 
6 3,3',4,4',5-PeCB 126 100 4 4 
7 2,3,3',4,4',5-HxCB 156 1000 40 40 
8 2,3,3',4,4',5'-HxCB 157 1000 40 40 
9 2,3',4,4',5,5'-HxCB 167 1000 40 40 
10 3,3',4,4',5,5'-HxCB 169 200 8 8 
11 2,2',3,3',4,4',5-HpCB 170 200 8 8 
12 2,2',3,4,4',5,5'~HpCB 180 1000 40 40 
13 2,3,3',4,4',5,5'-HpCB 189 200 8 8 

Internal Standards' 
14 13C12-3,3',4,4'-TCB 77L 1000 4 4 
15 

\ 
13C12-2,3,3',4,4'-PeCB 1051 1000 4 4 

16 13Cl2-2,3',4,4',5-PeCB 1181 1000 4 4 
17·· 13Cl2-3,3',4,4',5-PeCB 1261 1000 4 4 
18 13Cl2-2,3,3',4,4',5-HxCB 1561 1000 4 4 
19 13Cl2-2,3,3',4,4',5'-HxCB 157L 1000 4 4 
20 13C12-2,3',4,4',5,5'-HxCB 167L 1000 4 4 
21 13C12-3,3',4,4',5,5'-HxCB 1691 1000 4 4 
22 13C12-2,2',3,4,4',5,5'-HpCB ·1801 1000 4 4 
23 13C12-2,3,3',4,4',5,5'-HpCB 1891 1000 4 4 

Geanup Standardr 
24 13C12-3,4,4',5-TCB 81L 200 1 1 
25 13C!2-2,3,3',5,5'-PeCB 1111 1000 5 5 

Recoi1ery Standards' 
26 13Cl2-2,2',5,5'-TCB 52L 1000 200 2 
27 13C 12-2,2' ,4,5,5'-PeCB lOiL 1000 200 2 
28 13Cl2-2,2',3,4,4',5'-HxCB 1381 1000 200 2 
29 13Cl2-2,2',3,3',5,S',6-HpCB 1781 1000 200 2 

Final Eluter 
30 13G!f·DCB 2091 2000 8 8 

1 � Section 7.5.7-prcpared in nonane and diluted to prepare spiking solution. 
1 Sections 7.5.3.2, 7 5.4., 7.5.5, 7.5.7-prepared in acetone from stock solution daily. 
3 � Section 7.5.1-prcparcd in nonane and diluted to prepare spiking solution. Concentrations are adjusted for 

expected backgro·md levels. 
• ::,ecnon 7 .:'l ..:U-pr,pared in acetone from stock solution daily. Concentration:. are adjusted for expected 

backgrowidlevels. 
' s~ction 7.5.4-prcp:ired in acetone; added to sample extracts before cleanup. 
e St'r.'i0r. 7 .5.i-p7 eiJared in nonane; added to :oncentrated extract prior to injection. 
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Table 4. Concentrations ofPCBs in Calibration and Calibration Verification Solutions 

IUPAC est CS2 CS32 CS4 <.;SS 
No.1 (ng/mL) (ng/mL) (ng/mT) (y,,y/-, T 'I (n<0'niT ', 

. 

Precision and Recovery 
Standards 
3,3',4,4'-TCB 77 o.s 2 10 40 200 
2,3,3',4,4'-PeCB 105 2.S 10 50 200 1000 
2,3,4,4',5-PeCB 114 2.S 10 so 200 1000 
2,3',4,4',5-PeCB 118 2.5 10 so 200 1000 
2',3,4,4',5-PeCB 123 2.5 10 so 200 1000 
3,3',4,4',5-PeCB 126 2.5 10 so 200 1000 
2,3,3',4,4',5-HxCB 156 5 20 100 400 2000 
2,3,3 ',4,4' ,5'-HxCB 157 s 20 100 400 2000 
2,3',4,4',5,5'-HxCB 167 s 20 100 400 2000 
3,3',4,4',5,5'-HxCB 169 5 20 100 400 2000 
2,2',3,3',4,4',5-HpCB 170 5 20 100 400 2000 
2,2',3,4,4',5,5'-HpCB 180 5 20 100 400 2000 
2,3,3',4,4',5,S'-HpCB 189 5 20 . 100 400 2000 
Internal Standards 
13C12-3,3',4,4'-TCB 771 100 100 100 100 100 
13C12-2,3,3',4,4'-PeCB 1051 100 100 100 100 100 
13CI2-2,3',4,4',5-PeCB 1181 100 100 100 100 100 
13Cl2-3,3',4,4',5-PeCB 1261 100 100 100 100 100 
13Cl2-2,3,3',4,4',5-HxCB 1561 100 100 100 100 100 
13Cl2-2,3,3',4,4',5'-HxCB 1571 100 100 100 100 100 
13Cl2-2,3',4,4',5,5'-HxCB -1671 100 100 100 100 100 
13Cl2-3,3',4,4',5,5'-HxCB 1691 100 100 100 100 100 
13Cl2-2,2',3,4,4',5,5'-HpCB 1801 100 100 100 100 100 
13Cl2-2,3,3',4,4',5,5'-HpCB 1891 100 100 100 100 100 
Ckanup Standards 
13CI2-3,4,4',5-TCB SIL 0.5 2 10 40 200 
13Cl2-2,3,3',5,5'-PeCB 1111 2.5 10 50 20C 100f, 
Recovery Standards 
13Cl2-2,2',5,5'-TCB 521 100 100 100 100 100 
13Cl2-2,2',4,5,5'-PeCB 1011 100 100 100 lOC 100 
I3Cl2-2,2' ,3,4,4',5'-HxCB 1381 100 100 100 100 100 
13Cl2-2,2',3,3',5,5',6-HpCB 1781 100 100 100 100 J.00 
Final Eluter 
13CI2-DCB 2091 200 200 200 200 200 

l Suffix "L" indicates labeled compound. 
2 Sections 7.5.6, calibration verification solution. 



Table 5. Target Labeled Compound Recovery in Samples 

.. ~ . 
. 

Labeled PCB 

Internal Standards 
13Cl2-3,3',4,4'-TCB �
13Cl2-2,3,3',4,4'-PeCB �
13Cl2-2,3',4,4',5-PeCB �
13Cl2-3,3',4,4',5-PeCB �
13Cl2-2,3,3',4,4',S-HxCB �
13C12-2,3,3',4,4',5'-HxCB �
13C12-2,3',4,4',5,5'-HxCB �
13Cl2-3,3',4,4',5,5'-HxCB . �
13Cl2-2,2',3,4,4',5,5'-HpCB �
13Cl2-2,3,3',4,4',5,5'-HpCB �
Qeanup Standards 
13C 12-3,4,4' ,5-TCB 
13C12-2,3,3',5,5'-PeCB 

1 Based on 20 µL final extract volume. 

Labeled compound 
Test recovery 

IlJPAC cone 
No. (ng/mL)1 co.'(ng/mL) "lo, 

77 100 20-160 20-160 �
105 100 20-160 20-160 �
118 100 20-160 '20-160 �
126 100 20-160 20-160 �
156 100 20-160 20-160 �
157 100 20-160 20-160 �
167 100 20-160 20-160 �
169 100 20-160 20-160 �
180 100 20-160 20-160 �
189 100 20-160 20-160 �

81 50 4-32 20-160 �
111 250 40-140 40-140 �
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Table 6. Descriptors, Exact m/z's, m/z Types, and Elemental Compositions of the PCBs 

Exact m/z 
~scriptor mli type 

.. � M1. � 289.9224 
291.9194 ··M+2 
301.9626 M 
303.9597 M+2 
318.9792 Lock Mass 
325.8804 M+2 
327.8775 M+4 
330.9793 Lock Mass Check 
337.9207 M+2 
339.9178 M+4 

2. � 325.8804 M+2 
327.8775 M+4 
337.9207 M+2 
339.9178 M+4 
354.9792 Lock Mass 
354.9792 Lock Mass Check 
393.8025 M+2 
395.7996 M+4 
405.8428 M+2 
407.8398 M+4 

3. � 359.8415 M+2 
361.8385 M+4 
371.8817 M+2 
373.8788 M+4 
380.9760 Lock Mass 
380.9760 Lock Mass Check 
393.8025 M+2 
395.7996 M+4 
405.8428 M+2 
407.83~8 M+4 

4. � 504.9696 Lock Mass 
504.9696 Lock Mass Check 
509.7229 M+4 
511.7199 M+6 

1 Nuclidic masses used were: 
H• l.00782S c-12.00000 
13C • 13.003355 35Cl • 34.968853 

2 � TCB • Tetrachlorobiphenyl 
PeCB • Pentachlorobiphenyl 
HxCB• Hexachlorobiphenyl 
HpCB• Heptachlorobiphenyl 
DCB • Decachlorobiphenyl 

3 � 13C labeled compound. 

Elemental composition Substance' 

C12 H6 35Cl4 TCB 
C12 H6 35Cl3 37Cl TCB 
13C12 H6 35Cl4 TCB' 
13C12 H6 35Cl3 37Cl TCB' 

PFK. 
C12 HS 35Cl4 37Cl PeCB 
C12 HS 35Cl3 37Cl2 PeCB 

PFK. 
13C12 HS 35Cl4 37Cl PeCB' 
13C12 H5 35Cl3 37Cl2 PeCB' 

C12 HS 35Cl4 37Cl PcCB 
. C12 HS 3SC13 37Cl2 PcCB 

13C12 HS 35Cl4 37Cl PeCB' 
13C12 HS 35C13 37CI2 PcCB' 

PFK. 
PFK. 

C12 H3 35C16 37Cl HpCB 
C12 H3 35Cl5 37Cl2 HpCB 
13Cl2 H3 35Cl6 37Cl HpCB' 
13C12 H3 35C15 37Cl2 HpCB' 

C12 H4 35C15 37Cl HxCB 
C12 H4 35Cl4 37Cl2 HxCB 
13Cl2 H4 35Cl5 37Cl HxCB' 
13C12 H4 35Cl4 37Cl2 HxCB' 

PFK. 
PFK. 

C12 H3 35C16 37Cl HpCB 
C12 H3 35C15 37CI2 HpCB 
13C12 H3 35C16 37Cl HpCB1 

-13C12 H3--35C15 37Cl2 HpCB, 

PFK. 
PFK. 

13C12 3SC18 37Cl2 DCB, 
13C12 35Cl7 37Cl3 DCB' 

37C1 • 36.965903 

43 
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Table 7. Theoretical Ion Abundance Ratios and QC Limits 

Chlorine m/z's forming Theoretical QCLimit1 
atoms ratio ratio 

·"" . 
. Lower Upper 

4 M/(M+2) 0.77 0.65 0.89 
s (M+2)/(M+4) 1.55 1.32 1.78 
6 (M+2)/(M+4) 1.24 1.05 1.43 
7 (M+2)/(M+4) 1.05 .0.88 1.20 
10 (M+4)/(M+6) 1.17 0.99 1.35 

1 QC limits represent+/- 15 percent 'Windows around the theoretical ion abundance ratio. These limits 
are preliminary. 
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Table 8. � GC Retention Time Window Defining and Congener Specificity Test Solution1 

(Section 7.5.8) 

Congener 
FJrst elntP.d � Last elutedT"''.llJP 

54 __·.TCB 2,2',6,6' 77 3,3',4,4' 

PeCB 104 2,2',4,6,6' 126 3.3',4,4',5 

HxCB 155 2,2',4,4',6,6' 169 3,3',4,4',5,5' 

HpCB 188 2,2',3,4',5,6,6' 189 2,3,3',4,4',5,5' 

Isomer specificity test ccmi)ounds 

123 � 2',3,4,4',5-PeCB 156 2,3,3',4,4',5-HxCB 

118 � 2,3',4,4',S-PeCB 157 2,3,3',4,4',S'-HxCB 

1 All compounds are at a concentration of 100 ng/mL in nonane. 
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Scrubber Water Sample 

. Visually Estimate Percent 
Solids Content ofSample 

Samples with <= 5% Solids 

Filter l L of Sample 

Spike l L of Sample with 
Labeled Internal Standards 

Spike Liquid Extract the 
with Labeled Solids using 

Internal Soxhlet 

Extract Using SPE 
Standards Technique 

Extract the �
Liquid Filtrate �

Using SPE �

Combine Extracts from the 
Solids and Liquid Sample 

Concentrate Extract to l O mL Archive S mL 

Solvent Exchange 5 mL of �
Sample Extract to Hexane (50 �

mL) 

+ �
Spike with Cleanup Standard 

Proceed to Samr,le Cleanup �
Flow Diagram (Figure 2) �

Figure 1. Extraction Procedure for Scrubber Water Sample 
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See Figure 1 for �
Description of �

Sample Extraction �

.. �
Extract Hexane Extract �

with Sulfuric Acid• �

Wash the Hexane 
Aqueous Layer Layer with 

NaCl Solution 

Discard the 

Discard the Extract the Hexane �
Aqueous Layer with �

KOH Solution �

Wash the Hexane · - Discard the 
Layer with NaCl

Aqueous Layer Solution 

Discard the Dry 
Silica Gel

Aqueous Layer Extract with Cleanup
NizS04 

Carbon Colu:rru'. 
Cleanup 

• Repeat this step until the 
Concentrateaqueous layer is clear 

to Final Volume 

HRGC/HRMS Add Recovery 
Analyses Standard Solution I· 

Figure 2. Cleanup Procedure for Scrubber Water Sample 
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A. Procedure 

Al. Scope and Applicability ..

This SOP describes routine procedures for preparing samples for PCDD/PCDF analysis. These 

procedures follow general guidelines described in EPA Method 8290, with some minor 

mod.ifications1improvements. 

A2. Summary of Method 

The purpose of this SOP is to provide a description ofPCDD/PCDF sample preparation activities 

using modified Method 8290 procedures and covers the following: 

• Sample collection, preservation, and handling 

• Sample extraction and internal standard spiking 

• Extract cleanup and 

• Final concentration activities. 

A3. Definitions �

All references in this section are to SW846 Method 8290 unless otherwise indicated. �

A4. Personnt:l Qnalifications �

Personnel assigned to laboratory activities meet the educational, work experience, and training �

requirements for their posi~ions. Records on personnel qualifications and training are maintained �

in personnel files accessible for review during audit acti_yities. Training is conducted in �

accordance \Vith standard operating procedures and is available to all laboratory personnel. �

Employees must demonstrate proficiency at specific tasks and this capability is documented and �

kept in a central file. �

AS. Sample Collection 

N) ::2~~:;Jks are coliected according to Section 6.2 or as required by the client. 
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A6. Handling and Preservation 

All samples are handled according to Section 6.2 or as required by the client. 

A7. Sample Preparation and Analysis 

Samples are spiked with internal standard and extracted using the matrix-specific technique:, 

described in Section 7.0. Modifications to Section 7.0 include: 

1. Fish Tissue (Section 7.2)- 'When a lipid determination is not required, a 10 g portion of the 

fish sample and 250 mL ofhexane:methylene chloride (1: 1) are used for extraction. Whether or 

not a lipid determination is required, the fish sample is mixed with 5 to 10 g Varian Hydrornatrix 

drying agent until free flowing. The remaining fish tissue extraction follows that described in the 

method. 

2. SoiL'Sediment (Section 7.4.6)-The soiL'sediment sample is mixed with 5 to 10 g of Varian 

Hydromatrix drying agent until free flowing. Toluene is used as the extraction solvent v.ithout a 

Dean Stark apparatus. The sample extract is typically not filtered through a glass fiber filter 

unless a significant amount of solids are present in the extract. 

Hydromatrix is used as a drying agent rather than sodium sulfate since the time required for the 

sample-drying agent mixture to become free flowing is reduced when Hydromatrix is used 

Samples prepared using Hydr0matrix have yielded equivalent internal standard recoveries as 

those prepared using sodium sulfate. 

Prior to all extractions, the sample/Hydromatrix mixture is spiked with an internal standards 

solution containing fifteen 13C12-labeled PCDD/PCDF, as called for in Method 1613. Table 3 

rather than nine as stated in Method 8290. The additional labeled PCDD/PCDF allow all but two 

of the isomers to be directly related to an internal standard for identification and quantification 

purposes. Use of this complete range of internal standards provides better accuracy than 

afforded by standard Method 8290. 

Partition 
The extracts are partitioned against acid and base solutions as described in Section 7 .5 .1 with the 

following modifications: 

. ' 
l 

. ' 
I 
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1. After the samples are transferred to the separatory funnels, the extracts are spiked with a 

cleanup standard (2,3,7,8-TCDD-37C4) as called for in Method 1613, Section 7.11. This cleanup 

standard is used to monitor the· recovery of the analytes through the cleanup process. 

2. Instead of the 40-mL acid, base, and salt washes that are specified in Method 8290, Section 

7.5.1, the samples are subject to one 30-mL acid wash, successive 20-mL acid washes as needed 

to remove color, one 20 mL salt wash, one15-mL base wash, and two 20 mL salt washes. 

Reducing the volume of acid, base and salt solutions has proven non-deleterious to internal 

standard recoveries. 

Silica/ Alumina Column Cleanup 

The extracts are put through silica and alumina columns in a manner similar to that called for in 

Section 7.5.2 with the following modifications: 

Although the silica column is prepared as described in the method, the alumina column is 
I 

prepa:-ed using 6 g of Sigma basic alumina. Both silica and alumina columns are rinsed �

independently with 20 mL of hexane. The columns are then stacked with the silica on top of the �

alumina aLd the sample extract is applied to the silica column. The stacked columns are rinsed �

with 100 rnL ofhexane which is discarded. The columns are separated so that 40 rnL of �

hexane:methylene crJoride ( 1: 1) may be passed through the alumina column. The �

hexane:methylene chloride eluant is collected and concentrated to 1 mL for processing through a �

carbon column. �

Utilizing this stacked column approach has proven non-deleterious to internal standard �

recoveries but has decreased sample preparation time and solvent usage. Procedures for the use �

of basic r.lumina are taken from Method 1613, Section 13.4. �

Carbon Column CleanU] �

The sample extracts are processed through a carbon column as described in Section 7.5.3 with �

the foil0wing modifications: �

The carbon mixture that is used to pack the column consists of a 20%. (w/w) mixture of �

Carb,Jpack-C/Celite 545. Method 1613, Section 13.5 suggests the use ofan 18% �

Carbopack/Celite mixture. A 20% Carbopack/Celite mixture was chosen in order to remove �
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more interferences from the sample extracts and to improve internal standard recoveries. Vv hen 

the column is packed, only glass wool, 0.55 g of the carbon mixture, and more glass woe,; ar;; 

used. The additional plugs of ~~lite are not used. 

The elution scheme is essentially the same as specified in Method 1613, Section 13.5 v.itr. the 

exception that the carbon columns are back-eluted with 30-mL toluene rather than 20 ml as 

specified in Section 13.5.5. 

The final concentration and reconstitution of the sample extracts is significantly different tha.'1 

that described in Section 7.5.3.6 to accommodate transfer of the extract to GC autosamF ler .ials: 

20 :L ofnonane is pipetted into mufiled, methylene chloride-rinsed concentrator tubes. The 

tubes are lightly tapped to remove any air bubbles present and the meniscus is marked. 200 :1 of 

hexane is pipetted into the tubes and the meniscus is marked. Leaving the solvents in the tubes, 

the sample extracts are transferred from round bottom flasks to tubes using 3 x 1 mL hexane 

rinses. The extracts are blown down to approximately 200 :L. The round bottom flasks are 

rinsed with 1 mL ofmethylene chloride which is transferred to the tubes and again concentrated 

to approximately 200 :L. The round bottom flasks are rinsed with 0.5 mL of methylen~ chloride 

which is transferred to the tubes and again concentrated to 200 :L. The extracts are spiked \\iith 

10 :L of the nonane recovery spiking solution and vortexed for 30 seconds. The extracts are 

blown down to the 20 :L meniscus level and then transferred to a GC vial for ana1ysis. 

The above procedure has been proven as an effective and efficient method of concentrating th:; 

sample extracts for analysis. 

B. References 

1. SW-846, Method 8290. Polychlorinated Dibenzodio.xins (PCDDs) and P.olychlorinated 

Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass 

Spectrometry (HRCG/HRMS), Revision 0, 1994. 

2. EPA Method 1613: Tetra-Through Octa-Chlorinated Dioxins and Furans by Isotope Dilution 

HRGC/HRMS, Revision B, 1994, EPA 821-B-94-005. 
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A. Procedure 

Al. Scope and Applicability .. �

This SOP describes routine procedures for HR.GC/ HRMS analysis of samples for PCDD. PCDF. �

These analyses follow general guidelines described in EPA Method 8290, with some minor �

modifications/improvements. �

A2. Summary of Method �

Toe purpose of this SOP is to provide a description ofPCDD/PCDF sampl~ analysis activities �

using modified Method 8290 procedures and covers the following: . 

• Chromatographic/Mass Spectrometric conditions and data acquisition parameters 

• Calibration 
I 

• ~al:.rsis 

• Calculations and 

• System performance criteria. 

A3. Defmitions 

VG, Fisons, and Micromass all refer to the same company, and may be used interchangeably 

A4. Personnel Qualifications 

Personnel assigned to laboratory activities meet the educational, work experience, and training 

requirements for their positions. Records on personnel qualifications and training are maintained 

in personnel files accessible for review during audit activities. Training is conducted in 

accordance with standard operating procedures and is available to all laboratory personnel. 

Employees must demonstrate proficiency at specific tasks and this capability ·is documented and 

kept in a central file. 

AS. Apparatus and Materials 
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All calibration, column perfonnance, window defining, recovery standards, internal standards 

spiking solutions, P ARs, SRMs., etc. are obtained from commercial sources such as Cambridge 

Isotope Labs. 

A6. Instrument or Method Calibration 

The GC/HRMS instrumentation is calibrated at levels specified in Method 1613, Table 4 with 

one additional calibration standard at concentrations equivalent to½ the level ofMethod 1613's 

lowest calibration point. The Method 1613 calibration solutions represent an expanded 

calibration concentration range compared to the calibration range in Method 8290. 

Using the option in Method 1613, Section 10.2, only 1 ul ofcalibration solution or sample 

extract is injected per run, rather than 2 ul as specified in Method 8290,. Section 7:7. The 

samples are injected on-column, rather than split-splitless as stated in Method 8290, Section 7.6. 

For DB-5 continuing calibration analyses, a combination solution made by Cambridge botope 

Labs, corr.posed cf Calibration solution 3, 'Window defining mixture, and tetra dioxin GC column 

performance mixture, is injected at the beginning and end of each 12 hour run period. The 

response factors are checked against the mean RRF from the initial calibration, and must fall 

within the+/- 20% RRF window for natives, and the +/- 30% 'Window for 13C-lableled 

compounds, unless othenvise specified by the client This allows determination of calibration 

and column perfonnance in a single run. 

A7. Sample Preparation and Analysis 

A.7.1 Sample Preparation 

For sarr.ple preparation procedures, see SOPfor Polych/orinated Dibenzo-p

dioxin!Polychlorinated Dibenzofuran (PCDDIPCDF) Sample Preparation Using Modified 
, , , ' . ' ,, -it"'ll"'I 

A.7.~ Sarr.~ le Analysis 
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The GC/MS parameters listed in Method 8290, section 7.6 are followed with the follv,,.ing 

Cx,..,,_..1·cr:~ 'T'Le GC ~--1,-.--- 1:s, ·d: · "1-·'- · -1 ""''"' : · • • ··d, but the temr,eratw · -"-r. ....., ... li .. w "---' • 11.w '""-4 ., "'L..J.V'- v .../v J,.) w.:,c;,; t' t;.. }JiU5,l'1J..L..L .ua...:, '1 
.. ~ . . 

different initial temperature (140 C) to allow the solvent peak to elute slowly enough to not trip 

the source ion gauge. The upper temperature of the ramp is held to 320 C rather than 330 C to 

accommodate the upper temperature limit of the column. 

All five groups (Tetra through Octa) are monitored separately. The mass for the cleanup 

standard 37C4-2,3,7,8-TCDD, is also monitored per Method 1613, Table 8. Analysis is carriP.d 

out as stated in Method 8290, Section 7.8. 

AS. Data Acquisition, Calculations, and Data Reduction 

Calculations are carried out using Opusquan, a software program designed for d.ioxin/furan 

analysis by VG/Micromass Co. Ltd. These calculations are the same as specified in Method 

8290, Section 7.9. Estilna.ted detection limit is calculated by measuring the sum of the heights of 

a native peak at the predicted retention time, times 2.5, divided by the total area of its internal 

standard ions, using the equation: 

MDL= (F • Ni * Si * A/H • Qs) / (RRF • As * S) 

Where 

F = the user factor (dl_factor) in the form "fullrun" 

Ni = the sum of the noise level of the analyte ions 

Si= the sum of the "min_sig_to_noise" keyword value for each of the analyte ions 

A/H = the mean area: height ratio of all ions of this analyte' s internal standard 

Qs = the internal standard amount 

RRF = the mean relative response factor of the analyte 

As = the total area of all internal standard ion peaks 

S = the weight of the sample 

A method blank is analyzed and processed using Opusquan in the ''blank" mode. The noise 

factor for the natives in this blank run is then subtracted from subsequent runs, which are 
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processed in the "quantitation" mode to obtain an accurate detection limit for each analyte in 

each run. 
... 

A9. Computer Hardware and Software 

Calculations are carried out using Opusquan. a software program designed for dioxin/furan 

analysis by VG/Micromass Co. Ltd. 

B. Quality Coutrol and Quality Assurance 

B. l. System Performance Criteria 

A combination calibration solution 3/window defining mixture/column performance mixture is 

injected at the beginning and end ofeach twelve-hour period. This is to ensure adequate 

resolution of the isomeric peaks, to ascenain that the windows are set correctly to see all the 

isorn~s in each congener group, and to verify that the HRM:S is adequately tuned. A PFK 

resolution check is also hard-copied at the beginning and end of each GC/HRMS analysis batch 

to ve~fy mass resolution. 

C. References 

1. � SW-846, Method 8290. Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated 

Dibenzofurans (PCDFs) by High Resolution Gas Chromatography/High Resolution Mass 

Spec~ometry (HRGCIHR..MS), Revision 0, 1994. 

2. � EPA Method 1613: Teu:a-Through Octa-Chlorinat~d Dioxins and Furans by Isotope Dilution 

HR.GC!HR.\1S, Revision B, 1994, EPA 821-B-94-005. 

3. � VG Opusquan 2.0 Reference Manual, Issue 4, March 1995 

4. � Private communication from Jobn Bill, Fisons Instruments, 04-20-95 
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Method 429 

Determination of Polycyclic Aromatic Hydrocarbon (PA.H) �
Emissions From Stationary Sources �

1 INTRODUmON 

1. I APPLICABILITY 

This method applies to the determination of nineteen polycyclic aromatic hydrocarbons (PAID in 
emissions from stationary sources. These are listed in Table 1. The sensitivity which can ultimately 
be achieved for a given sample will depend upon the types and concentrations ofother chemical 
compounds in the sample as well as the original sample si.zc and instrument sensitivity. 

AJ11j modification of this method beyond those expressly permitted shall be considered a major 
modification subject to approval by the Executive.Officer of the California Air Resources Board or 
his or her authorized representative. 

1.2 PRINCIPLE 

Particulate and gaseous phase PAH are extracted isokinetically from the stac!( and collected on 
XAD-2 resin, in impingers, or in upstream sampling train components (filter, probe, nozzle). Only 
the total amounts of each P AH in the stack emissions can be determined with this method. It has not 
been demonstrated that the partitioning in the different parts of the sampling train is representative of 
the partitioning in the stack gas sample for particulate and gaseous PAH. 

The required analytical method is isotope dilution mass spectrometry combined with high resolution 
gas chromatography. This entails the addition of internal standards to all samples in known 
quantities, matrix-speci.fic extraction of the sample with appropriate organic solvents, preliminary 
fractionation and cleanup ofextracts and analysis of the processed extract for PAH using high
resolution capillary column gas chromatography coupled with either low resolution mass 
spectrometry (HRGC/LRMS), or high resolution mass spectrometry (HRGC/HRMS). To ensure 
comparable results, the same MS method must be used for samples collected at all ~sted locations at 
those sources where more than one location is tested 

Minimum perfonnancc criteria are specified herein which must be satisfied to ensure the quality of 
the sampling and analytical data. 

1.3 DEFINITIONS AND ABBREVIATIONS 

1..3.l Internal Standard 

An internal standard is a 2H-labellcd P AH which is added to all field samples, blanks and other 
quality control samples before extraction. It is also present in the calibration solutions. Internal 
standards are used to measure the concentration of the analyte and surrogate compounds. There 
is one internal standard assigned to each of the target analytes and surrogates. 
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1.3.2 Surrogate Standard 

A surrogate standard is a labelled compound added in a known amount to the XAD-2 resin of th, 
sampling train, and allowed to equilibrate with the matrix before the gaseous emissions are 
sampled. The surrogate· standard has to be a component that can be completely resolved, is not 
present in the sample, and does not have any interference effects. Its measured concentration in 
the extract is an indication of the how effectively the sampling train retains-PAR collected on the 
XAD-2 resin. The recovery of the StUTogate standards in the field b~ can be used to 
determine whether there are any matrix effects caused by time or conditions under which the 
sample is transported and stored prior to analysis. 

f 1.3.3 Alternate Standard 

f An alternate standard is a 2H-labelled P AH compound which is added to the impinger contents 
prior to extraction to estimate the extraction efficiency for P AHs in the impinger sample 

1.3.4 Recovery Standard 

A recovery standard is a 2H-labelled P AH compound which is added to the extracts of all field 
samples, blanks, and quality control samples before HRGC/MS analysis. It is also present in the 
calibration solution .. The response ofthe internal standards relative to the recovery standard is 
used to estimate the recovery of the internal standards. The internal standard recovery is an 
indicator of the overall performance of the analysis. 

1.3 5 Relative Response Factor 

The relative response factor is the response ofthe mass spectrometer to a known amount of an 
analyte or labelled compound (internal standard or surrogate standard) relative to a knov.11 
amount of an internal standard or another labelled compound (recovery standard or internal 
standard). 

1.3.6 Performance Standard 

A performance standard is a mixture of known amounts of selected standard compounds It i:; 

used to demonstrate continued acceptable performance of the GC/MS system. These checks 
include system performance checks, calibration checks, quality checks, matrix recovery, and 
surrogate recoveries. 

1.3.7 Performance Evaluation Sample 

A performance evaluation sample is ooc prepared by EPA or other laboratories that contains 
known concentrations ofmethod analytes, and has been analyzed by multiple laboratories to 

determine statistically the accuracy and precision that can be expected when a method is 
nerforroed by a competent analyst. Concentrations must be in the same range as typical field 
samples. Analyt.e concentrations are not known by the analyst 
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1.3.8 Laboratory Control Sample 

A laboratory control sample is one that contains known concentrations of meiliod analytes that is 
anal)zed by a ld,oratory to demonstnte that item obtain acceptable ide:--::f:,..~~,... ... ~ .,~,., 
measurements with p'rocedures to be used to analyze field samples containing the same analytes. 
Anal)'te concentrations are known by the analyst The laboratory mtist prepare the c::introl 
sample from stock standards prepared independently from those used for calibration. 

1.3.9 End User 

The regulating agency shall be considered the end user if this test method is conducted for 
regulatory purposes, or the regulating agency shall designate the end user for the purposes of this 
method. Otherwise the end user shall be the party who defrays the cost of pe:-forming this test 
method. In any case, the pre-test protocol (Section 2) must identify the end user. 

1.3.10 Tester 

Usually the tester is a contract engineering firm that performs the sampling procedures and 
delegates responsibility for specific analytical procedures to an analytical group (usually part of a 
subcontracting laboratory firm). In some cases, the tester may be part of the regulating agency. 
The tester shall be the party ultimately responsible for the performance of this test method 
whether directly or indirectly through the co-ordination of the efforts of the analytical group and 
the efforts of the sampling group. 

1.3.11 Analyst 

This term refers to the analytical group that performs the analytical procedures to generate the 
required analytical data. 

1.3.12 Source Target Concentration 

This is the target concentration for each emitted P AH of interest specified by the end user of the 
test results. The target concentration shall be expressed in units of mass of target substance per 
volume of emissions; typical units are nanograms per dry standard cubic meter or micrograms 
per dry standard cubic meter (ng/dscm or µg/dscm) 

1.3.13 The Method Detection Limit 

The method detection limit (MDL) is based on the precision of detection of the analyte 
concentration near the detection limit It is the product of the standard deviation of seven !
replicate analyses ofresin samples spiked with low concentrations of the ana1yte and Student's t 
value for 6 degrees of freedom at a confidence level of 99%. 

!1.3.14 The Practical Quantitation Limit 

The practical quantitation limit (PQL) is a limit for each compound at or below which data must 
not be reported It is the minimum sample mass that must be collected in the sampling train to 
allow detection during routine laboratory operation within the precision limits established by the 
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MDL determination. Toe PQLs will be estimated at 5 times the MDL for those P AH that are not 
contaminants of the resin. Toe PQL for the remainder will be estimated at 5 times the blank 
XAD-2 resin level. 

2 THE SOURCE TEST PROl'OCOL 

Every performance of this test method shall have an identified operator of the source to be tested, an 
identified end user of the test method results, and an identified tester who performs this test methoa. 
Figure 1 is a summary of the responsibilities of the parties involved in the coordination and performance 
of the source test Toe protocol for the entire test procedure should be understood and agreed upon b;
the responsible parties prior to the stan of the test. 

2.1 RESPONSIBILITIES OF THE END USER AND THE TESTER 

2.1.1 The End User 

Before testing may begin. the end user of the test results (l.3.9) shall specify a source target 
concentration for each of the PAH to be determined by this method using the guidelines of 
Section 2.2.1. 

Toe end user shall approve the source test protocol only after reviewing the document and 
determining thlt the minimum pre-test requirements (Sections 2.2 to 2.5 ) have been met 

2.1.2 The Tester 

The tester ( 1.3.10) shall have the primary responsibility for the performance of the test method, 
and shall co-ordinate the efforts of the analytical group and the efforts of the sampling group 

The tester shall be responsible for the selection of an analyst with documented ex:pe:ience in the 
satisfactory perfonnance of the method. The tester shall obtain from the analyst all of the 
analytical data (Section 2.3) tbiu arc required for pre-test calculations ofsampling parameters 

Before performing the rest of this method, the tester shall develop and write a source test 
protocol (Section 2.2) to help ensure that useful test method results are obtained. The tester shal' 
plan the test based on the information provided by the end user, the results of pre-test surveys of 
the source, and the tester's calcuiations of target source testing parameters (Section 2,2). 

Toe tester shall be responsible for ensuring that all ofthe sampling and analytical reporting 
requirements (Section 10) arc met 

2.1.3 The Analyst 

The analyst shall be responsible for performing all of the required analytical procedures 
descrioed in this test method and reporting the results as required by Sections 2.3, 4.2. i, 4.2.2, 
1V.J.·. .l, l~.1.2, 10.1.3, and 10.2). 
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2.2 PRE-TEST REQUIREMENTS 

The source test protocol shall specify the test performance criteria of the end user a::id all 
assumptions, required data and calculated targets !"or th.! following testing pari:!--::~~:'.'::... 
(1) source target concentration of each emitted PAH of interest (2.2.1), 

(2) preliminary analytical data (2.3) for each target PAH, and 

(3) planned sampling parameters (2.5.4, 2.5.5, and 2.5.6). 

The protocol must demonstrate that the testing parameters calculated by the tester will meet the 
needs of the end user. The source test protocol shall describe the procedures for all aspects of the 
source test including information on supplies, logistics, pen:onnel and other resources necessary for 
an efficient and coordinated test 

The source test protocol shall identify the end user of the results, the tester, the analytical group, and 
the sampling group, and the protocol shall be signed by the end user of the results and the tester. 

The tester shall not proceed with the performance of the remainder of this method unless the snurce 
test protocol is signed by the tester and the-end user. 

2.2J Source Target Concentration (STC)· 

Toe tester shall not proceed with the test unless a target con_centration has been chosen. This will 
be the primary reporting objective of the emissions test The end user shall select a basis for 
determining each target concentration from: a) regulatory limits, b) environmental risk 
assessments, and (c) the interests of the end user, the tester, and the stationary source. 

2.2.1.1 Regulatory Limits 

The regulatory limit shall be the basis for determining a target concentration for stationary 
source emissions in those cases where the purpose of the emissions test is to demonstrate 
compliance with the established regulatory limit 

2.2.1.2 Environmental Risk Assessments 

In some cases testing is conducted for an environmental risk assessment A pre-test estimate 
of the permissible risk shall then be used to determine the target concentration for stationary 
source emissions. 

Note that some risk assessment methodologies will assume that a PAH is present at the 
detection limit or one half of the detection limit even when the compound is not detected. 
This is inappropriate for planning for the performance of the test method because by 
definition a substance cannot be detected at one half of its detection limit In such cases, the 
target sampling parameter must be the maximum practical sample volume. 
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[ �
2.2.1.3 Interests of the End User, the Tester and the Stationary Source 

[ 

L In cases where the emissions test is not being performed to demonstrate compliance with a 
regulation, nor is it required for a risk assessment, the end user may use emissions results 
from previous tests bf the facility or from similar facilities. · 

L 
ff estimates of the emissions arc not available, the tester must conduct a preliminary-test at 
each emissions point of interest. This target concentration is necessary for the calculation of 
the target sampling parameters required by Section 2.5. Therefore, the emissions measured 
during the preliminary test must be representative of source operation. The tester must 
document operating conditions, and know from historical data, the extent to which the 
results of this preliminary run arc representative of emissions :from the source. This will 
require documentation ofoperating conditions during the preliminary test, and a knowledge 
of the potential variability in emissions with differences in source operation. 

i. 
As an alternative to conducting a preliminary test, the end user may specify, as a sampling 
target, the longest practical sampling time so as to obtain the lowest practically achievable 
source reporting limit (Section 2.5.6). 

2.3 REQUIRED PRELIMINARY ANALYTICAL DATA 

2.3.1 Results of Blank Contamination Checks 

The tester must obtain from the analyst the results of the PAH contamination checks. The 
analytical report must satisfy the reporting requirements of Sections 10 and IO.1. 

The analyst shall use the procedures described in Sections 42.1 and 4.2.2 to clean the sampling 
media (filters and XAD-2 resin) and check for PAH contamination. 

Table 3 shows the results of analyses ofdifferent lots of re-cleaned XAD-2 resin. The purpose 
ofthis table is to show typical variability. Actual results may vary from one test to another 

2.3.2 The Method Detection Limit 

The method detection limit (MDL) must be determined by the same analyst (1.3.11) that wili 
perform the analyses subsequent to sampling. Before estimating the method detection limit 
(MDL), the analyst shall identify those PAH that are contaminants of the XAD-2 resin using the 
procedures described in Sections 4.2.2.l to 4.2.2.4. The analyst shall determine the MDL as 
described in Section 8.3 and Appendix A. 

2.3 .3 The Practical Quantitation Limit 

The analyst shall calculate the practical quantitation limits (PQLs) for the target P AH. This 
value will be 5 times the MDL or 5 times the XAD-2 background level for those compounds that 
have been identified by the analyst as contaminants. · 
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Table 2 lists practical quantitation limits obtained during ARB's developm~nt of this method 
The values for the PQLs will vary with the performance of individual laborator;es. Iher.:!fore, 
the tester must obtain PQL values for all of the target analytes from the anliy st . 

2.4 EXPECTED RANGE IN TARGET CONCENTRATIONS OF INDIVIDUAL P AHs 

The P AH compounds in a source test sample-can show large differences in concentn,tions. A 3ar.1ple 
that might provide sufficient analyte for the detection and quantitation of the iowest concentrdtion 
PAH could contain levels of other PAHs that exceed the ~pper limit of the method. 

In some cases the solution is two GC/MS injections - first with the undiluted extract, and then again 
after appropriate dilution of the extract At other times the required minimum dilution might be so 
large as to result in the reduction of the internal standard response below the minimum required by 
the method. With prior notification of expected levels of the target analytes, the analyst can modify 
the preparation of the samples so that useful results might be obtained. All major modifications must 
be approved by the Executive Officer. 

2.5 SAMPLING RUNS, TIME, AND VOLUME 

2.5. l Sampling Runs 

A test shall include at least three sampling runs in series and a blank sampling train. 

2.5.2 Minimum Sample Volume (MSV) 

This is the minimum sample volume that must be collected in the sampling train to provide the 
minimum reportable mass of PAH for quantitation. It must be based on a) the practical 
quantitation limit (2.3.3), b) the source target concentration (2.2.1), and c) sampling limitations. 
Use Equation 429-1 to calculate the target MSV for each P AH analyte. 

429-1MSV(dscm) = PQL X s;c 
Where: 

PQL = The practical quantitation limit, ng/sample (Section 2.3.3) �
STC = Tue source target concentration, ng/dscm (Section 2.2.1) �
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2.5.3 Minimum Sampling Time (MST) 

This is the minimum time required to collect the minimum sample volume at the expected 
average volumetric sampling rate (VSR). Use Equation 429-2 to calculate the minimum 
sampling time (MST) required to collect the minimum sample volume calculated in Section 
2.5.2. The tester musfuse an average volumetric sampling rate (VSR) appropriate for the source 
to be tested. 

MST{hours) = _M_sv_ 1 1 � 429-2X ----X 
VSR 0.028317 60 

Where: 

VSR Expected average volumetric sampling rate, dscfmc 

60 = Factor to convert minutes to hours �
0.028317 = Factor to convert dscf to dscm �

The end user must decide whether the MSTs are all practically feasible and whether they can be 
increased to allow for any deviation from the sampling and analytical conditions assumed by the 
test plan. Based on this decision, the tester must use either Section 2.5.4 (a) or 2.5.4 (b) to 
calculate a planned sample volume (PSV). 

2.5 .4 Planned Sample Volume (PSV) 

This is the volume ofemissions that must be sampled to provide the target analytes at levels 
between the PQL and the limit of linearity. The planned sample volume is the primary sampling 
target whenever practically feasible. The PSV is calculated according to either 2.5.4 (a) or 
2.5.4 (b). 

(a) � If the end user has decided that the MSTs can be increased, the tester must use Equation 
429-3 to calculate the PSV using the largest of the 19 MSV values calculated in Section 
2.5.2. and the largest value for F that will giyc a practically achievable sample volume that 
provides the target analytes at levels between the PQL and the limit of linearity. Use this 
PSV to calculate the planned sampling time (Section 2.5.5 a) and Equation 429-6. 

(b) �If the MSTs arc not all practically achievable, the tester and the end user must agree on a 
maximum practical sampling time (Section 2.5.Sb). This value must then be used for the 
PST in Equation 429-4 io calculate the PSV. The tester must identify in the source test 
protocol the target ana!ytes for which the PSV is lower than the MSV. The primary 
r,porting objective ofthe test cannot be achieved for those analytes. If the primary reporting 
objective cannot be achieved for all of the target analytes, it must be discussed in the 
:-rntrv·ol and the alternative rc!'()rting objective (Section 2.5.6) must be approved by the end 
uc;cr of the results. 

The volu"'."",~· ~ ' , .~-:,"k t11:n is actually collected will be determined by practical sampling 
limitat-~ :. · .~,:.enc.: · 1~:: of the data and the level of uncertainty that the end user car. 
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tolerate in the measurement of the target concentrations. This uncertainty µill d::reac:e is 

the value of F (Equation 429-5) increases. 

PSV(dscm) = MSV x F � 429-3 

PSV(dscm) = PST x VSR � 429-4 

PSV 429-5F = 
MSV 

Where: 

PST = Planned sampling time from Section 2.5.5 
F = A safety factor(> 1) that allows for deviation from ideal sampling and 

analytical conditions 

2.5.5 Planned Sampling Time (PST) 

Two options are available for calculating the planned sampling time depending on whether the 
primary objective can be achieved for all of the target analytes. 

(a) � The planned sampling time (PST) shall be long enough to 1) collect the planned sample 
volume with reportable levels of the target analytes and 2) sample representative operating 
conditions of the source. If the average sampling rate (VSR) used to estimate the planned 
sampling time cannot be achieved in the field (Section 4.4.4.1), the sampling time must be 
recalculated using the actual VSR and the target PSV in equation 429-6. 

(b) �The planned sampling time shall be a practical maximum approved by the end user and it 
shall be long enough to sample representative operating conditions of the source. 

PSV 
X 

1 
X 

1 429-6PST(hours) 
VSR 0.028317 60 
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[ 
2.5.6 Preliminary Estimate of Source Reporting Limit (SRL) 

[ 
L Before the test proceeds, the end user and the tester shall agree on a preliminary estimate of the 

source reporting limit for each target PAH. The SRL shall be calculated using Equation 429-i. 
The planned sample volume will contain reportable levels of a given analyte if that analyte is 
present in the emissions at a concentration that is equal to or greater than the calculated SRL 

PQL � 429-7L � SRL(ng/dscm) =
PSV 

r 
Where: 

..J � SRL • Preliminary estimate of source reporting limit, ng./dscm �
PQL Practical quantitation limit, ng�s:: 

PSV Planned sample volwne, dscma: 

f 
2.5.7 Example Calculations 

I � Figure 9 Bis an example of the minimum required calculations of sampling parameters for the 
source test protocol. 

l 3 INTERFERENCES 

Interferences may be caused by contaminants in solvents, reagents, sorbents, glassware, and other sample 
proct:ssing hard\\ are that lead to discrete artifacts and/or elevated backgroW1ds at the ions monitored. All 
of these materials must be routinely demonstrated to be free from interferences under the conditions of 

· the analysis by running laboratory reagent blanks as described in Section 6.1.1.

I The use of high ourity reagents and solvents helps to minimize interference problems Purillcation of 
solvents by distillation in all-glass systems may be required. 

f � Transformation ofPAH and the formation of artifacts can occur in the-sampling train. PAH degradatioD 
and transformation on sampling train filters have been demonstrated. Certain reactive PAH such as 
benzo[a]pyrene, benzo[a]anthracene, and fluoranthene when trapped on filters can readily react with 

J � stack gases. These PAH are transformed by reaction with low levels of nitric acid and higher levels of 
nitt:ogen oxides, czone, and sulfur oxidcs.

I' p.AH degradation may be ofeven greater concern when they arc trapped in the impingers. When stack 
gases such as sulfur oxides and nitrogen oxides come in contact with the impinger water they are 
converted into S'.tlfuric acid and nitric acid ~vely. There is evidence that under such conditions

f � certain PAH will be degraded. It is recommended that the PAH levels in the impingers be used as a 
':''"'1;t,.+;., .. t""l ,,.. determine ifbreakthrough bas occurred in the resin. 

l 
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4 SAMPLING APPAAATUS, MATERIALS AND REAGENTS 

4.1 SAMPLING APPARATUS 

The sampling train components listed below arc required. All surfaces which may come in contact 
with the sample or recovery solvents shall be of quartz, borosilcate glass or Teflon. The tester may 
use an alternative to the required sampling apparatus only it: after review by the Executive Officer, it 
is deemed equivalent for the purposes of this test method 

Mention of trade names or specific products does not constitute endorsement by the California Air 
Resources Board. In all cases, equivalent items from other suppliers may be used. 

A schematic of the sampling train is shown in Figure 2. The train consists of nozzle, probe, heated 
particulate filter, condenser, and sorbent module followed by three impingers and a silic.a gel drying 
cartridge. An in-stack filter may not be used because at the in-stack temperatures the filter material 
must be of a material other than the Teflon required by the method. A cyclone or similar device in 
the heated filter box may be used for sources emitting a large amount of.particulate muter. 

For sources with a high moisture content. a water trap may be placed between the heated filter and 
the sorbent module. Additional impingers may also be placed after the sorbent module. If any of 
these options are used,.details must be provided in the test report. The train may be constructed by 
adaptation of an ARB Method 5 train. Descriptions of the train components are contained in the 
following sections. 

4.1.1 Probe Nozzle 

Quartz, or borosilicate glass with sharp, tapered leading edge. The angle of taper shall be 30° 
and the taper shall be on the outside to preserve a constant internal diameter. The probe nozzle 
shall be of the button-hook or elbow design. unless otherwise approved by the Executive Officer. 

A range of sizes suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm 
(l/8 to 1/2 in.) - or larger ifhigher volume sampling trains are used - inside diameter (ID) 
nozzles in increments of 0.16 cm (1/16 in.). Each nozzle shall be calibrated according to the 
procedures outlined in Section 5.1 of ARB method 5. 

4.1.2 Probe 

The probe must be lined or made of Teflon, quartz, or borosilicate glass. Other inert materials 
may be used only if they have been approved by the Executive Officer. The liner or probe 
extends past the retaining nut into the stack. A temperature-controlled jacket provides protection 
of the liner or probe. The liner shall be equipped with a connecting fitting that is capable of 
forming a leak-free, vacuum tight connection without the use ofsealing greases. 

4.1.3 Preseparator 

A cyclone, a high capacity impactor or other device may be used ifnecessary to remove the 
majority of the particles before the gas stream is filtered. This catch must be used for any 

. \ 

j 
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subsequent analysis. The device shall be constructed of quartz or borosilicate glass. Other inert 
materials may be used subject tD approval by the Executive Officer. 

4.1.4 Filter Holder 

The filter bolder shall be constructed of borosilicate glass, with a Teflon mt or Teflon coated 
wire support and glass-to-glass seal or Teflon gasket The bolder design shall provide a positive 
seal against leakage from the outside or around the filter. The holder. shall be attached 
immediateiy at the outlet ofthe probe, cyclone, or nozzle depending on the configuration used. 
Whenever "0" ring seals are used, they shall be of Teflon or Teflon coated material. Other inert 
bolder and gasket materials may be used subject to approval by the Executive Officer. 

4.1.5 Sample Transfer Line 

The sample transfer line shall be Teflon (1/4 in. O.D. x 1/32 in. wall) with connecting fittings 
that are capable of forming leak-free, vacuum tight connections without using sealing greases 
The line should be as short as possible. 

4.1.6 Condenser 

The condenser shall be constructed of borosilicate glass and shall be designed to allow the 
cooling of the gas stream to at least 2C>°C before it enters the sorbent module. Design for the 
normal rang~ of stack gas conditions is shown in Figure 3. 

4.1.7 Sorbent Module 

The sorbent module shall be made ofglass with connecting fittings that are able tD form leak
free, vacuum tight seals without the use of sealant greases (Figure 3). The vertical resin trap is 
preceded by a coil-type condenser, also oriented vertically, with circulating cold water. Gas 
r:ntering the sorbent module must have been cooled to 200C (68°F) or less. The gas temperature 
shall be monitored by a thermocouple placed either at the inlet or exit of the sorbent trap The 
sorbcnt bed must be firmly packed and secured in place to prevent settling or channeling during 
sample collection. Ground glass caps (or equivalent) must be provided to seal the sorbent-fillec 
trap both prior tD and following sampling. All sorbent modules must be maintained in the 
vertical position during sampling. 

4.1.8 Impinger Train 

Connect three or more impingers in series with ground glass fittings able tD form leak-free, 
vacuum tight seals without sealant greases. Whenever "0" ring seals are used, they shall be of 
T:flcn or Teflon coated material. All impingers shall be ofthe Greenburg-Smith design 
modi£ed by replacing the tip with a 1.3 cm (1/2 in.) I.D. glass tube extending to 1.3 cm 
(1/2 in.)from the bottom of the flask. 

The first impingcr may be oversized for sampling high moisture streams. The first and seconc1 
impingers shall contain 100 mL of3 mM sodium bicarbonate (NaHC03) and 2.4 ml\-1,.;;:xiium 
cubonate CN¾C03) (Section 4.2.5). This is intended to neutralize any acids that might form in 
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4.1.9 

4.1.10 

4.1.11 

4.1.12 

4.1.13 

the impingers. The third impinger shall be empty. Silica gel shall be added t::> the foil.Ith 
impinger. 

A thermometer which measures temperatures to within 1 °C (2°F), shall be placed 31 the outlet of 
the third impinger. · . · 

Silica Gel Cartridge 

This may be used instead of a fourth impinger. It shall be sized to hold 200 to 300 gm of silica 
gel. 

Pitot Tube 

Type S, as described in Section 2.1 ofARB Method 2 or other devices approved by the 
Executive Officer. The pitot tube shall be attached to the probe extension to allow constant 
monitoring of the stack gas velocity as required by Section 2.1.3 of ARB Method 5. When the 
pitot tube occurs with other sampling components as part of an assembly, the arrangements must 
meet the specifications required by Section 4.1. l of ARB Method 2. Interference-free 
arrangements are illustrated in Figures 2-6 through 2-8 of ARB Method 2 for Type S pitot tubes 
having external tubing diameters between 0.48 and 0.95 cm (3/16 and 3/8 in.). 

Source-sampling assemblies that do not meet these minimum spacing requirements (or the 
equivalent of these requirements) may be used only if the pitot tube coefficients of such 
assemblies have been determined by calibration procedures approved by the Executive Officer. 

Differential Pressure Gauge 

Two inclined manometers or equivalent devices, as described in Section 2.2 of ARB Method 2. 
One manometer shall be used for velocity bead (6.P) readings and the other for orifice differential 
pressure readings. 

Metering System 

Vacuum gauge, leak-free pump, thermometers accurate to within 3°C (5.4°F), dry gas meter 
capable of measuring volume to within 2 percent, and related equipment, as shown in Figure 2. 
Other metering systems must meet the requirements stated in Section 2. 1.8 of ARB Method 5. 

Barometer 

Mercury, aneroid, or other barometer capable of measuring atmospheric pressure to within 
2.5 mm Hg (0.1 in. Hg). In many cases, the barometric reading may be obtained from a nearby 
national weather service station, in which case the station value (which is the absolute barometric 
pressure) shall be requested and an adjustment for elevation differences between the weather 
station and sampling point shall be applied at a rate of minus 2.5 mm Hg (0.1 in. Hg) per 30 m 
(100 ft) elevation increase or vice versa for elevation decrease. 

! 
• J 

- 1 
I 
I 
j 
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4.1.14 Gas Density Determination Equipment 

Temperature sensor and pressure gauge, as described in Section 2.3 and 2.4 of Method 2, and 
gas analyzer, if necessary, as described in Method 3. Toe preferred configuration and alternative 
arrangements of the temperature sensor shall be the same as those described in Section 2.1.10 of 
ARB Method 5. 

4.1.15 Filter Heating System 

The beating system must be capable of maintaining a temperature around the filter bolder during 
sampling of (120:!: 14°C) (248:!:25°F). A temperature gauge capable of measuring temperature 
to within 3°C (5 .4°F) shall be installed so that the temperature around the filter bolder can be 
regulated and monitored during sampling.

I. 
I 4.1.16 BalanceI. 

I � To weigh the impingers and silica gel cartridge to within O.S g. �

4.2 SAMPLING MATERIALS AND REAGENTS 

l 4.2.1 Filters 

I 
The filters shall be Teflon coated glass fiber filters without organic binders, or Teflon membrane 
filters, and shall exhibit at least 99.95 percent efficiency (0.05 percent penetration) on 0.3 
micron dioctyl phthalatc smoke particles. The filter efficiency test shall be conductec in 
accordance with ASTM standard Method D 2986-71 (Reapproved 1978). Test data from the 
supplier's quality control program are sufficient for this pwposc. Record the manufacturer's lot 
number. 

4.2.1.1 Co::itamination Check of Filter 

The tester must have the filters cleaned by the analyst and checked for contamination priOi tc 
use in the field. The contamination check must confinn that there are no PAH contaminant.<: 
prtsent that will interfere with the analysis of the sample PAHs of interest at the target 
reporting Jimjt5_ The analyst must record tlie date the filter was cleaned. 

L 
The filters shall be cleaned in batches not to exceed SO filters. to clean the filters. shake fo; 
one hour in methylene chloride in a glass dish that bas been cleaned according to Section 6 2 
After extraction, remove the filters and dry them under a clean N2 stream. Analyze one filter 
using the same extraction, clean-up and analysis procedures to be used for the field samples 
(Sections 6.5.1.2, 6.6, and 7.5). 

r 
::::;~a.11k value = Total mass (ng) of analyte 429-8 

per filter No. filters extracted f 
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The acceptance criteria for filter cleanliness depends on 1) the method repo~...J.';? 1;ruir.. '.;\ '.h! 
expected field sample volume and 3) the desired reporting limit for the sampled emissions 
stream. Filters with PAH levels equal to or greater than the target reporting limit for the 
analyte(s) cJ con~erp. 5hall be rej..:cted for fi:ld use. 

If the filter does not pass the contamination check, re-extract the batch and malyze a ckan 
filter from the re-extracted batch. Repeat the re-extraction and analysis until an acceptably 
low background level is achieved. Store the remainder tightly wrapped in clean hexane
rinsed aluminum foil as described in Section 4.3.3. 

Record the date of the last cleaning of the filters and the date of the PAH analysis, and 
prepare a laboratory report of the analytical results that includes all of the information 
required by Section 10.2. 

The tester shall obtain this laboratory report with the date ofcleaning of thr filters, and the 
date of the filter contamination check from the analyst, and report theci in tbe source test 
protocol and the test report as required by Sections l O .1 and 10.3. 

4.2.2 Amberlite XAD-2 Resin 

The XAD-2 resin must be purchased precleaned and then cleaned again as described below 
before use in the sampling train. 

4.2.2.1 Cleaning XAD-2 Resin 

This procedure must be carried out in a Soxhlet extrdCtor which will hold enough XAD-2 for 
several sorbent traps, method blanks and QC samples. Use an all glass thimble containing 
an extra coarse frit for extraction of the XAD-2. The frit is recessed 10 to 15 mm above a 
crenelated ring at the bottom of the thimble to facilitate drainage. The resin must be 
carefully retained in the extractor cup with a glass wool plug and stainless steel screen to 
prevent floating on the methylene chloride. 

Clean the resin by two sequential 24 hour Soxhlet extractions with methylene chloride. 
Replace with fresh methylene chloride after the first 24 hour period. 

4.2.2.2 Drying Cleaned XAD-2 Resin 

Tue adsorbent must be dried with clean inert gas. Liquid nitrogen from a standard 
commercial liquid nitrogen cylinder has proven to be a reliable source oflarge volumes of 
gas free from organic contaminants. A 10.2 cm ID Pyrex pipe 0.6 m long with suitable 
retainers as shown in Figure 4 will serve as a satisfactory column. Connect the liquid 
nitrogen cylinder to the column by a length of cleaned 0.95 cm ID copper tubing, coiled to 
pass through a heat source. A convenient heat source is a water bath heated from a steam 
line. Tue final nitrogen temperature should only be warm to the touch and not over 40°C. 

Continue the flow of nitrogen through the adsorbent until all the residual solvent is removed. 
The rate of flow should be high enough that the particles arc gently agitated but not so high 
as to cause the particles to break up. 
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4.2.2.3 �

4.2.2.4 

.. 

July 28, 1997 

Residual Methylene Chloride Check. 

Extraction: Weigh a 1.0 g sample of dried resin into a small vial, add 3 mL of hexane. 
cap the vial and shake it well. 

Analysis: Inject a 2 µL sample ofthe extract into a gas chromatograph operated under 
the following conditions: 

Column: 6 ftx 1/8 in stainless steel containing 100/o OV-101 on 100/120 
Supelcoport. 

Carrier Gas: Helium at a rate of30 m.L/min. 

Detector: Flame ionization detector operated at a sensitivity of 4 X 1o· 11 AlmV. 

Injection Port 
Temperature: 250°C. 

Detector 
Temperature: 305°C. 

Oven 
Temptrature: 30°C for 4 min~ programmed to rise at 40°C per min until it reaches 250°(, 

return to 300C after 1000 seconds. 

Compare the results of the analysis to the results from a reference solution prepared by 
adding 2.5 µL ofmethylene ~hloride into 100 mL ofhexane. This corresponds to 100 µg of 
methylene chloride per g of adsorbent The maximum acceptable concentration is l000 µg. 1f 
of adsorbent If the methylene chloride in the adsorbent exceeds this level, drying must be 
continued until the excess methylene chloride is removed. 

Contamination Check of XAD-2 Resin 

The cleaned, dried XAD-2 resin must be checked for PAH contamination. Analyze a sarnpk 
of the resin equivalent in size to the amount required to charge one sorbent cartridge for a 
sampling train. The extraction, concentration, cleanup and GC/MS analytical procedures 
shall be the same for this sample as for the field samples (Sections 6.5.1.2, 6. 6, and 7.5 i 

The acceptance limit will depend on the PQL, the expected concentration in the sampled ga.5 
stream, and the planned sample volume. The contamination level must be less than the PQL 
or no more than 20 percent of the expected sample level. 

If the cleaned resin yields a value for a target analyte which is not acceptable for the end 
u.,i;./s intended applicatior.. of the test results, repeat the extraction unless the analyst has 
historical data that demonstrate that re-extraction cannot reasonably be expected tr· further 
reduce the contamination levels. The tester must obtain these data from the analy~t and 
include them in both the source test protocol and the emissions test report 
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4.2.2.5 

4.2.3 

4.2.4 

4.2.5 

4.2.6 

The contamination check shall be repeated if the analyst does not have such hi5tcfr?J <lnt=t 
The analyst shall reclean and dry the resin ( 4.2.2.1, 4.2.2.2, and 4.2.2.3) and repeat the PAH 
analysis of the re-cleaned resin. If the repeat analysis yields a similar result to the first, 
record the contamination level for both thr initial cleaning and the re-c1P.i-nin° 

The analyst shall ~cord the dates of the cleaning and extraction of the resin, and prepare a 
laboratory report of the analytical results that includes all of the information required by 
Section 10.2. 

The tester shall obtain the dates of cleaning and the laboratory report of the results of the 
contamination check from the analyst, and report them in both the source test protocol and 
the emissions test report as required by Sections 10.1 and 10.3. 

The tester shall identify the analytes for which the PQLs will be based on a blank �
contamination value, and calculate the PQLs as required by Section 2.3.3. �

Storage of XAD-2 Resin 

After cleaning, the resin may be stored in a wide mouth amber glass container with a Teflon
lined cap, or placed in one of the glass adsorbent modules wrapped in aluminum foii and 
capped or tightly sealed with Teflon film at each end. The containers and modules shall then 
be storeJ away from light at temperatures 4°C or lower until the resin is used in the sampling 
train. 

The adsorbent must be used within twenty one (21) days of cleaning. If the adsorbent is not 
used within 21 days, it must be re-checked for contamination before use. 

Silica Gel 

Indicating type, 6 to 16 mesh. Ifpreviously used, dry at l75°C (350°F) for 2 hours. New silica 
gel may be used as received. Alternatively, other desiccants (equivalent or better) may be used, 
subject to approval by the Executive Officer. 

Reagent Water 

Deionized., then glass-distilled, and stored in hexane- and methylene chloride-rinsed glass 
containers with TFE-lined screw caps. 

Impinger Solution 

Sodium bicarbonate 3 m.M, and sodium carbonate 2.4 mM Dissolve 1.0081 g sodium 
bicarbonate (NaHC03) and 1.0176 g of sodium carbonate CN82C03) in reagent water ( 4.2.4), 
and dilute to 4 liters. 

Crushed Ice 

Place crushed ice in the water bath around the impingers. 
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4.2.7 Glass Wool 

l_ Clean by methylene chloride soxhlet extraction for 16 hours. Air dry in a clean container in a 
clean hood. Store in methylene chloride washed glass jar with TFE-lined screw cap. 

r � .. ~ ., �

L 
4.2.8 Chromic Acid Cleaning Solution 

Dissolve 200 g of sodium dichromate in 15 mL of reagent water, and then carefully add 400 mL 
of concentrated sulfuric acid. 

4.3 PRE-TEST PREPARATION{ 
The positive identification and quantitation ofPAH in an emissions test of stationary sources are 
strongly dependent on the integrity of the samples received and the precision and accuracy of all 
analytical procedw-es employed. The QA procedures described in Sections 4.3.7 and 8 are to be usedt 
to monitor the performance of the sampling methods, identify problems, and take corrective action. 

4.3.1 Calibration 

All sampling train components shall be maintained and calibrated according to the procedure 
described in APTD-0576 (Section 11.7), unless otherwise specified herein. The tester shall 
maintain a record of all calibration data. 

4.3.1.1 � Probe Nozzle 

Probe nozzles shall be calibrated according to the procedure described in ARB Method 5. 

4.3.1.2 � Pirot Tube 

Calibrate the Type S pitot tube assembly according to the procedure described in Section 4 
of ARB Method 2. 

4.3.1.3 � Metefilg System 

Calibrate the metering system before and after use according to the requirements of Section 
5.3 of ARB Method 5. 

· 4.3.1.4 � Temperature Gauges 

Use the procedure in Section 4.3 ofARB Method 2 to calibrate in-stack temperature gauges 
Dial thermometers, such as those used for the dry gas meter and condenser outlet, shall be 
calibrated against mercury-in-glass thermometers. 

4.3.1.5 � Leak-Check of Metering System Shown in Figure 1 

The tester shall use the procedure described in Section 5.6 of ARB Method 5 
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4.3.1.6 � Barometer 

Calibrate against a mercury barometer. 

4.3.2 � Cleaning Glassware foi: Sampling and Recovery 

All glass parts of the train upstream of and including the sorbent module and the fust impingers 
shall be cleaned as described in Section 3A of the 1974 issue of Manual of Analytical Methods 
for Analysis of Pesticide Residues in Human and Environmental Samples (Reference 11.4). 
Take special care to remove residual silicone grease sealants on ground glass connections of used 
glassware. These greasy residues shall be removed by soaking several hours in a chromic acid 
cleaning solution (4.2.8) prior to routine cleaning as descnbed above. Other cleaning procedures 
may be used as long as acceptable blanks are obtained. Acceptance criteria for blanks are stated 
in Section 8.2. · 

Rinse all glassware with acetone, hexane, and methylene chloride prior to use in the PAH 
sampling train. 

Glassware used in sample recovery procedures must be rinsed as soon as possible after use with 
the last solvent used in it This must be followed by detergent washing with hot water, and rinses 
with tap water, deionized water, acetone, hexane, and methylene chloride. Other cleaning 
procedures may be used as long as acceptable blanks are obtained. Acceptance criteria for 
blanks are stated in Section 8.2. 

4.3.3 � Preparation of Filter 

The clean dry filter ( 4.2.1) must be kept tightly wrapped in hexane-rinsed aluminum foil and 
stored at Oto 4°C in a container away from light until sampling. Before inserting the filter in the 
sampling train, check visually against light for irregularities and flaws or pinhole leaks. 

4.3.4 � Preparation of Sorbent Cartridge, Method Blank, and 
Laboratory Control Samples 

Sorbent Cartridge 

Use a sufficient amount (at least 30 gms or 5 gms/m3 of stack gas to be sampled) ofcleaned 
resin to completely fill the glass sorbent cartridge which has been thoroughly cleaned as 
prescribed (4.2.2). 

Add the required surrogate standards (Table 7) to the sorbent cartridges for all of the sampling 
and blank trains for each series of test runs. Follow the resin with hexane-rinsed glass wool, cap 
both ends, and wrap the cartridge in aluminum foil. Store the prepared cartridges as required by 
Section 4.3.5. 

The sorbent cartridges must be loaded, and the surrogate standards must be added to the resin in 
a clean area in the laboratory. There must be no turnaround of a used cartridge in the field. 
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The analyst shall record the date that the surrogate standards were added to the resin and the 
amount of each compound The tester shall obtain these data from the analyst and report them in 
the source test protocol and the test report 

The appropriate levels for the surrogate standards are given in Table 7 which shows the spiking 
plan for SWTogate standards, internal standards, alternate standards, and recovery standards. All 
of these required compounds are generally available. Additional labelled PAH may also be used 
if available. The labelled compounds used as surrogate standards must be different from the 
internal standards used for quantitation, and from the alternate and recovery standards. If the 
spiking scheme (Table 7) is modified, the tester must demonstrate that the proposed modification 
will generate data of satisfactory quality. Table 7A shows 8!l approved modification that has 
been used in ARB's method development. All modifications must be approved by the Executive 

I• 
Officer before the emissions test is performed. 

Laboratory Method Blank 

Take a sample ofXAD-2 resin from the same batch used to prepare the sampling cartridge. This 
will serve as the laboratory method blank (Section 8.1.1). The mass of this sample must be the 
same as that used in the sampling train. Spike with the same surrogate standards at the same 
levels used in the sampling cartridges. 

l, Laboratory Control Sample 

Set aside two samples ofXAD-2 resin from the same batch used to prepare the sampling 
cartridge. These will serve as the laboratory control samples. (Section 8.1.3). The mass of each 
sample must be the same as that used in the sampling train. 

4.3.5 Storage of Prepared Cartridges, Method Blank and Laboratory Control Sample 

Store the aluminum foil wrapped sorbent cartridges away from light at 4°C or lower until they 
are fitted into the sampling trains. Do not remove the caps before the setup of the sampling 
train. 

The maximum storage time from cleaning of the resin to sampling with the spiked resin cartridge 
must not exceed 21 days (4.2.2.5). 

Store the laboratory method blank and laboratory control samples in amber glass jars with 
Teflon-lined lids at temperatures DO higher than 4°C. 

4.4 SAMPLE COLLECTION 

BecaiJSC of the complexity of this method, testers must be experienced with the test procedures in 
order to e~u-e reliable results. 

A A l 'D.... ,;,...,; •. ~:')' Field Determinations 

Select lhe sampling site and the minimum number ofsampling points according to ARB Method 
1 , ,r ~ '.ipecificd by the Executive Officer. 
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Determine the stack pressure, temperature, and the range of velocity heads l!S:.r,; }. R.-:; r,!c :,c,11. 
Conduct a leak-check of the pitot lines according to ARB Method 2, St>ction 3.1. 

Determine the moisture content w;ing ARB Method 4 or its alternativi:.:; L; ::..: ;,::..; ~~= ::· 
making isokinetic sampiing rate settings. 

Determine the stack gas dry molecular weight, as described in ARB Method 2, Section 3.6. if 
integrated sampling (ARB Method 3) is used for molecular weight determmation. the integrated 
bag sample shall be taken simultaneously with, and for the same total length of time as, the 
sample run. 

Select a nozzle size based on the range of velocity heads, such that it is not necessary to change 
the nozzle size in order to maintain isokinetic ~pling rates. Do not change the nozzle size 
during the run. Ensure that the proper differential pressure gauge is chosen for the range of 
velocity heads encountered (see Section 2.2 of ARB Method 2). 

Select a probe extension length such that all traverse points can be sampled. For large stacks, 
consider sampling from opposite sides of the stack to reduce the length of probes. 

The target sample volume and sampling time must already have been calculated for the source 
test protocol and approved by the end user as required by Sections 2.2 and 2.5. The total 
sampling time must be such that ( 1) the sampling time per point is not less than 2 minutes 
(or some greater time interval as specified by the Executive Officer), and (2) the total gas sample 
volume collected (corrected to standard conditions) will not be less than the target value 
calculated for the source test protocol (Section 2.5.5). 

To avoid timekeeping errors, the number of minutes sampled at each point should be an integer 
or an i.L.teger plus one-half minute. 

4.4.2 Preparation of Collection Train 

Keep all openings where contamination can occur covered until just prior to assembly or until 
sampling is about to begin. 

Caution: Do not use sealant greases in assembling the sampling train. 

Record the performance of the seb.lp procedures for the sampling train. Figure 10 is an example 
of a form for recording the sampling train setup data. The t.ester must record all of the routine 
information indicated on this form as well as any additional data which arc necessary for 
documenting the quality of any reported results. 

Place 100 ml of the impinger solution (4.2.5) in the first impinger and weigh. Record the total 
weight Repeat the procedure for the second impinger. Leave the third impinger empty. Weigh 
the empty third impinger and record the weight 

Weigh 200 to 300 g of silica gel to the nearest 0.5 g directly into a tared i.mpinger or silica ~l 
cartridge just prior to assembly of the sampling train. The test.er may optionally measure and 
record in advance of test time the weights ofseveral portions of silica gel in air-tight containers. 
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4.4.3 

4.4.3.1 

4.4.3.2 

One portion of the preweighed silica gel must then be transferred from its container to the silica 
gel cartridge or fourth impinger. Place the container in a clean place for later use in the sample 
recovery. 

Using tweezers or clean'disposable surgical gloves, place a filter in the filter holder. Be sure that 
the filter is properly centered and the gasket properly placed so as to prevent the sample gas 
stream from circumventing the filter. Check the filter for tears after assembly of the filter holder 
is completed. 

Mark the probe extension with beat resistant tape or by some other method to denote the proper 
distance into the stack or duct for each sampling point 

Assemble the train as in Figure 2. Plac:e crushed ice around the impingers. 

Leak-Check Procedures 

Pretest Leak-Check 

After the sampling train has been assembled, turn on and set the filter and probe heating 
systems at the desired operating temperatures. Allow time for the temperature to stabilize. 
Leak-check the train at the sampling site by plugging the nozzle with a TFE plug and pulling 
a vacuum of at least 380 mm Hg (15 in. Hg). 

Note: A lower vacuum may be used, provided that it is not exceeded during the test 

The following leak-check instructions for the sampling train are described in Section 4.1.4.1 
of ARB Method 5. Start the pump with by-pass valve fully open and coarse adjust valve 
completely closed Partially open the coarse adjust valve and slowly close the by-pass valve 
until the desired •;acuum is reached. Do not reverse the direction of the by-pass valve. This 
will cause water to back up into the filter holder. If the desired vacuum is exceeded, either 
leak-check at this higher vacuum or end the leak-check as described below and start over. 

Determine the leakage rate. A leakage rate .in excess of 4 percent of the average sampling 
rate or 0.00057 m3 per min. (0.02 cfm), whichever is less, is unacceptable. Repeat 1.he leak
check procedure until an acceptable leakage rate is obtained.. Record the leakage rate on the 
field data sheet (Figure 5). 

When the leak-check is completed, first slowly remove the plug from the inlet to the probe 
nozzle and immediately tmn off the vacuum pump. This prevents water from being forced 
backward and keeps silica gel from being entrained backward. 

Leak-Checks During Sample Run 

If. during the sampling run, it becomes necessary to change a component (e.g., filter 
assembly or impinger), a leak-check shall be conductea imme01ate1y before en.:: cnan~" 1.s 
made. The leak-check shall be done according to the procedure described in Section 4.4.3.1 
above, except that it shall be done at a vacuum equal to or greater than the maximum value 
recorded up to that point in the test If the leakage rate is found to be no greater than 
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0.00057 m3/m.in (0.02 cfm) or 4 percent of the average sampling rate (whic:-.enr is Je,;s\ tb·.! 
results are acceptable, and no correction will need to be applied to the total volume of dry 
gas metered. If, however, a higher leakage rate is obtained, the tester shall either (1) record 
the leakage rate and correct the volume of gas sampled since the last!..:....!.-.:!..:..:!• ...:. ~~:~ ·.. :: :.:: 
Section 4.4.3.4 below, or (2) void the sampling run. Record the leakage rate. 

Immediately after component changes, leak-checks must be conducted according tr.> the 
procedure outlined in Section 4.4.3. l above. Record the leakage rate o~ the field data sheet 
(Figure 5). 

4.4.3.3 Post Test Leak-Check 

A leak-check is mandatory at the conclusion ofeach sampling run. The leak-check shall be 
done in accordance with the procedures outlined in Section 4.4.3.1 except that it shall be 
conducted at a vacuum equal to or greater than the maximum value recorded during the 
sampling run. Record the leakage rate on the field data sheet (Figure 5). If the leakage rate 
is found to be no greater than 0.00057 m3/min (0.02 cfm) or 4 percent of the average 
sampling rate (whichever is less), the results are acceptable, and no correction need be 
applied to the total volume of dry gas metered. U: however, a higher leakage rate is 
obtained, the tester shall either, (1) record the leakage rate and correct the sample volume as 
shown in Section 4.4.3.4 below, or (2) void the sampling run. 

4.4}.4 . Correcting for Excessive Leakage Rates 

If the leakage rate observed during any leak-check after the start of a test exceeds the 
maximum leakage rate La (see definition below), replace V min Equation 429-9 with the 
following expression: 

Vm - L
D �

(Li - L.) ei - (L - L )0 429-9 p a p
i=l 

Where: 

= � Volume ofgas sampled as measured by the dry gas meter ( dscf). 

= � Maximum acceptable leakage rate equal to 0.00057 m3/m.in 
~0.02 ft3/min) or 4% of the average sampling rate, whichever is 
smaller. 

= � Leakage rate observed during the post-test leak-check. m3/min 
(ft31nlin). 

L-1 = � Leakage rat.e observed during the leak-check performed ~rior to the 
"ith" leakcheck (i'"" 1.2,3...n), m3/min(ft3/min). 

e. 
I 

= Sampling time interval between two successive leak-checks beginning 
with the interval between the first and second leak-checks, min. 
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= � Sampling time interval between the last (nth) leak-check and the end of 
the test, min. 

Substitute only f?r t;hose leakage rates (Li or L,J which exceed L,. 

4.4.4 Train Operation 

No smoking is allowed. 

4.4.4.1 Sampling Train 

l � During the sampling JUD maintain a sampling rate within 10 percent of true isokinetic, unless 
otherwise specified or approved by the Executive Officer. The actual sampling rate must be 
at or above the VSR (Equation 429-4) to collect the target sample mass in the estimated 
sampling time. lfthe target sampling rate cannot be achieved, adjust the planned sampling 
time to achieve the target sample volume (PSV). 

For each run, record the data required on the sample data sheet shown in Figure 5. The 
operator must record the dry gas meter reading at the beginning ofthe test, at the beginning 
and end of each sampling time increment, when changes in flow rates are made, before and 
after each leak-check, and when sampling is halted. 

Record other readings required by Figure 5 at least once at each sample point during each 
time increment and additional readings when significant changes (20 percent variation in 
velocity head readings) necessitate additional adjustments in flow rate. 

Level and z.ero the manometer.· Because the manometer level and z.ero may drift due to 
vibrations and temperature changes, make periodic checks during the traverse 

Cl~an the portholes prior to the test run to minimize the chance ofsampling the deposited 
material. To begin sampling, remove the nozzle cap and verify thlt the pitot tube and probe 
ex:teru:ion are properly positioned. Position the nozzle at the first traverse point with th~ tip 
pointing directly into the gas stream.. 

Immediately start the pump and adjust the flow to isokinetic conditions. Nomographs are 
available, which aid in the rapid adjustment of the isokinetic sampling rate without excessive 
computations. These nomograpbs arc designed for usc when the Type S pitot tube 
coefficient (Cp) is 0.85:1:0.02, and the stack gas equivalent density (dry molecular weight) 
(Md) is equal to 29:l:4. APTD-0576 (Reference 11.7) details the procedure for using the 
nomographs. If CP and M.s are outside the above stated ranges, do not usc the nomographs 
unless appropriate steps (see Reference 11.8) arc taken to compensate for the deviations 

When the stack is under significant negative pressure (height of impinger stem), take care to 
close the coarse adjust valve before inserting the probe extension assembly into the stack to 
prevent water from being forced backward. Ifnecessary, the pump may be turned on with 
thr, coarse adjust valve closed. 

{ 
l 
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4.4.4.2 �

Whe~ tl:e probe is in position, block off the openings around the probe and p0rtb0Je ~o 
prevent unrepresentative dilution of the gas stream. 

Tun ..::it:: :-:::.:c:.:lat.::g ;r.:!"".;' ~r:.. th" ..~.,,...J:.ent module and the conclt>nc:t>,. ~nti ht>oin 

monitoring the temperature ofthe gas entering the adsorbent trap. Ensure that the 
temperature of the·gas is 200C or lower before sampling is started 

Traverse the stack cross section, as required by ARB Method 1 or as specified by the 
Executive Officer, being careful not to bump the probe nozzle into the stack walls v:hen 
sampling near the walls or when removing or inserting the probe extension through the 
portholes. This minimi~s the chance ofextracting deposited material. 

During the test run, take appropriate steps (e.g., adding crushed ice to tile impinger ice bath) 
to maintain the temperature at the condenser outlet below 200C (68°F). Also, periodically 
check the level and zero of the manometer. 

If the pressure drop across the filter becomes too high. making isokinetic samvling difficult 
to maintain, the filter may be replaced during a sample run. Another complete filter 
assembly must be used rather than changing the filter itself Before a new filter assembly is 
installed, conduct a leak-check as outlined in Section 4.4.3.2. The total PAH analysis shall 
include the combined catches of all filter assemblies. 

A single train shall be used for the entire sample run, except in cases where simultaneous 
sampling is required in two or more separate ducts or at two or more different locat:ons 
within the same duct, or, in cases where equipment failure necessitates a change of trains. In 
all other situations, the use of two or more trains will be subject to approval by the Executive 
Officer. 

Note that when two or more trains are used, a separate analysis of each train shall be 
performed, unless identical nozzle sizes were used on all trains, in which case th~ catches 
from the individual trains may be combined and a single analysis performed. 

At the end of the sample run, tum off the pump, remove the probe extension assembly from 
the stack, and record the final dry gas meter reading. Perform a leak-check, as outlined in 
Section 4.4.3.3. Also, leak-check the pitot lines as described in ARB Method 2; th-= lines 
must pass this leak-check, in order to validate the velocity head data. Record leakage rates. 

Record any unusual events during the sampling period 

Blank Train 

There shall be at least one blank train for each series of three or fewer test runs. For those 
sources at which emissions are sampled at more than one sampling location, there shall be at 
least one blank train assembled at each location for each set of three or fewer runs. 
Prepare and set up the blank train in a manner identical to that described above for the 
sampling trains. The blank train shall be taken through all of the sampling train preparation 
steps including the leak-check without actual sampling of the gas stream. Recover the blank 
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train as described in Section 5.3. Follow all subsequent steps specified for the sampling 
train including extraction, analysis, and data reporting. 

4.4.5 Calculation of Percent Isokinetic 

Calculate percent isokinetic (Section 4.5.7) to determine whether the run should be repeated. If 
there was difficulty in maintaining isokinetic rates because of source conditions, consult with the 
Executive Officer for possible variance on the isokinetic rates. 

4.5 CALCULATIONS 

Carry out calculations retaining at least one extra decimal figure beyond that of the acquired data. 
Round off figures aft.er the final calculation. 

4.5.1 Nomenclature 

A c Cross-sectional area of stack, ft2. 

= Cro£s-sectional area of nozzle, ft2. 

Bws = Water vapor in the gas stream, proportion by volume. 

= Concentration of PAH in stack gas, ng/dscm, corrected to standard conditions 
of20°C, 760 mm Hg (68°F, 29.92 in. Hg) on dry basis. 

= Total mass of PAH in stack gas sample, ng. 

AH = Average pressure differential across the orifice meter, mm H20 (in. H20) 

I = Percent isokinetic sampling. 

= � Maximum acceptable leakage rate for either a pretest leak-check or for a leak
check following a component change; equa] to 0.00057 m3/min (0.02 cfm) or 4 

percent of the average sampling rate, whichever is !ess. 

L- = Individual leakage rate observed during the leak-check conducted prior to the
• � "ith" component change (i • 1, 2, 3, .. .n), m3/min (cfm). 

= Leakage rate observed during the post-test leak-check, m3/min (cfm). 

= Molecular weight of stack gas, dry basis, lbl1b-mole (gig-mole). 

= Molecular weight of water, 18.0 gig-mole (18.0 lMb-mole). 

= Molecular weight of stack gas, ·.vet basis, lMb-mole (gig-mole). 
= Barometric pressure at the sampling site, mm Hg (in. Hg). 

? = Absolute stack gas pressure, mm Hg (in Hg).s 
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pstd = Standard absolute pressure, 760 mm Hg (29.92 in. Hg). 

= Dry volumetric stack gas flow rate corrected to standard conditio1JS, dsc.urrun 
( dscm/rnin). 

= Density of water, 0.9982 g/mL (0.002201 lb/mL). ·Pw 

R = Ideal gas constant 0.06236 mm Hg-m3/'K-g-mole (21.83 in Hg-ft3/R-lb-mole). 

= Absolute average dry gas meter temperature, °K (°R). 

= Absolute average stack gas temperature °K (°R). 

Tstd = Standard absolute temperature: 293°K (528°R). 

= Total volume of liquid collected in impingers and silica gel, mL. 

= Volume of gas sample as measured by dry gas meter, cicm (def). 

Vm(std) = Volume of gas sample measured by the dry gas meter, correctec.l to standard 
conditions, dscm (dscf). 

Vw(std) = Volume of water vapor in the gas sample, corrected to standard conditions, 
dscm (dscf). 

= Stack gas velocity, calculated by ARB \.fethod 2, Equation 2-9, ft/sec (m/sec). 

y = Dry gas meter calibration factor. 

e = Total sampling time, min. 

= Sampling time interval, from the beginning of a run until the first component 
change, min. 

e. 
I = Sampling time interval between two successive component changes, beginning 

with the interval between the first and second changes, min. 

= � Sampling time interval,-from the final (nth) component change until the end of 
the sampling run, min. 

= � Sampling time interval, from the final (nth) component change until 

13.6 = Specific gravity of mercury. 

60 = � Conversion factor, sec/min. 

100 �. = Conversion to percent 
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4.5.2 � Average Dry Gas Meter Temperature and Average Orifice Pressure Drop 

Sec sampling run record (Figme 5). 

4.5.3 � Dry Gas Volume ., , 

Use Equation 429-10 to correct the sample volume measured by the dry gas meter to standard 
conditions (200C, 760 mm Hg or 68°F, 29.92 in Hg). 

~H) � ~H)P..,_ +T pbar � + - 429-10 
= V y �~ ( 13.6 = K1 Vm y ____13_._6__

Vm<std) m Tm pstd � Tm 

Where: �

= • 0.3858 °K/mm Hg for metric units�K1 �
pstd �

= 17. 65 °R!m Hg for English units 

NOTE: Equation 429-10 may be used as written unless the leakage rate observed during any of 
the mandatory leak-checks (i.e., the post-test leak-check or leak-checks conducted prior to 
component changes) exceeds L,. lfL.P or Li exceeds L,, V min Equation 429-10 must be 
modified as described in Section 4.4.3.4. 

4.5.4 � Average Stack Gas Velocity 

Calculate the average stack gas velocity, v5, as specified in ARB Method 2, Section 5.2. 

4.5.5 � Volume of Water Vapor 

Calculate the volume ofwater vapor using Equation 429-11 and the weight of the liquid 
collected during sampling (Sections 5.3.6 and 5.3.8). 

= V P.., � 429-1 l 
Vw(std) le M.., 

wnere: 

Ki �= 0.001333 m3/mL for metric units, or �
= 0.04707 ft3/mL for English units. �
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4.5.6 Moisture Content 

Calculate the moisture content of the gas, Bws. 

Vw<std) � 429-12 

Vm(std) + �Vw(std) 

NOTE: � In saturated or water-droplet laden streams, the procedure for determining the 
moisture content is given in the note to Section 1.2 of Method 4. For the purpose of 
this method, the average stack-gas temperature from Figure 5 may be used for this 
determination, provided that the accuracy of the in-stack temperature sensor is ± 1°C 
(20F) 

4.5.1 	 Isokinctic Variation 

4.5.7.1 Calculation from Raw Data 

IOOT, K,V1, + ~ ( P.., + K6") 429-!3 

I = 
60 e vs P, A

0 

Where: 

= 0.003454 mm Hg-m3/mL-°K for metric unitsK3 

= 0.002669 in Hg-ft3/mL-0 R for English units 

4.5.7.2 Calculation from Intermediate Values 

I = 

429-14 

=K4 

Where: 
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5 

K4 :a::: 4.320 for metric units. 

• 0.09450 for English units. 

4.5.8 Average stack gas dry vohnnetric tlow rate �

Use Equation 429-15 to calculate the average dry volumetric flow rate of the gas. �

429-15
Q,.. = 60 K1 (I - B..,) v, A ( ~:) 

Where: �

= = 0.3858 °Kimm Hg for metric units�K1 �
pstd �

a: 17.65 °R/m Hg for English units 

4.6 ISOKINETIC CRITERIA 

If 90 percent< I< 110 percent, the isokinetic results are acceptable. If there is a bias to the results 
because I< 90 percent or I> 110 percent, then the results m11St be rejected and the test repeated, 
unless the test results are accepted by the Executive Officer. 

SAMPLE RECOVERY 

5.1 SAMPLE RECOVERY APPARAlUS 

5.1.1 Probe };'o.zzle Brush 

Teflon brush with Teflon handle. The brush shall be properly sized and shaped to brush out the 
probe :iozzlc. 

· 5.1.2 Wash Bottles 

Teflon wash bottles are required; Teflon FEP®. 

5.1.3 Glas~ Sample Storage Containers 

Precleaned narrow mouth amber glass bottles, 500 mL or 1000 mL. Screw cap liners shall be 
Teflon. 
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5.1.4 Filter Storage Containers 

5.1.5 

Sealed filter holder or precleaned, wide-mouth amber glass containers with Teflcn-!..ined screw 
caps. 

·~ ., 

Balance 

To measure condensed water to within 0.5 g. 

5.1.6 Silica Gel Storage Containers 

Air tight metal containers to store silica gel. 

5.1.7 Funnel and Rubber Policeman 

To aid in transfer of silica gel to container; not necessary ifsilica gel is weighed in the field. 

5.1.8 Funnel 

To aid in sample recovery. Glass or Teflon® must be used. 

5.1. 9 Ground Glass Caps or Hexane Rinsed Alum.in.um Foil 

To cap off adsorbent tube and the other sample-exposed portions of the aluminum foil. 

5.1.10 Aluminum Foil 

Heavy-duty, precleaned with methylene chloride. 

5.2· SAMPLE RECOVERY REAGENTS 

5.2.1 Reagent Water 

Deionized (DI), then glass distilled, and stored in hexane and methylene chloride-rinsed glass 
containers with TFE-lined screw caps. 

5.2.2 Acetone 

Nanograde quality. "Distilled in Glass" or equivalent. stored in original containers. A blank 
must be screened by the analytical detection method. 

5.2.3 Hexane 

Nanograde quality. "Distilled in Glass" or equivalent, stored in original containers. A blank 
must be screened by the analytical detection method. 
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5.2.4 � Methylene Chloride 

Nanograde quality or equivalent A blank must be screened by the analytical detection method 

5.3 SAMPLE RECOVERY PROCEDURE 

No smoking is allowed. 

Proper cleanup procedure begins as soon as the probe is removed from the stack at the end of the 
sampling period and a post test leak-check has been performed (4.4.3.3). Allow the probe to cool. 

When the probe can be safely handled, wipe off all external particulate matter near the tip of the 
probe nozzle. Conduct the post test leak-check as described in Section 4.4.3.3. Remove the probe 
from the train and close off both ends of the probe with precleaned aluminum foil (5.1.10). Seal off 
the inlet to the train with a ground glass cup or precleaned aluminum foil. 

Transfer the probe and impinger assembly to the cleanup area. This area must be clean, and enclosed 
so that the chances of contaminating the sample will be min1mi~. 

Inspect the train prior to and during disassembly and note any abnormal conditions, broken filters, 
color of the impinger liquid, etc. Figure 6 summarizes the recovery procedure described in Sections 
5.3. l to 5.3.8. 

Figure 11 is an example of a form for recording the performance of the sample recovery procedure. 
The tester must record all of the routine information indicated on .this form as well as any additional 
data which are necessary for documenting the quality of any reported results. 

5.3.1 � Sample Container No. 1 (front half rinses) 

Quantitatively recover material deposited in the nozzle, probe, the front half of the filter holder, 
and the C)·clooe, if used, first by brushing and then by sequentially rinsing with acetone. hexane. 
and methylene chloride three times each. Place all these rinses in Container No. l. Mark the 
liquid le,el. 

5.3.2 � Cyclone Catch 

Ifthe optional cyclone is used, quantitatively recover the particulate matter by sequentially 
rinsing the cyclone with acetone, hexane, and methylene chloride. Store in a clean sample 
container and cap. 

5.3.3 � Sample Container No. 2 (filter) 

Carefully remove the filter from the filter holder and place it in its identified container. Use a 
pair of1'recleaned tweezers to handle the filter. Do not wrap the filter in aluminum foil. If it is 
uecessruy to fold the filter, make sure that the particulate cake~ ;nside the fold. Carefully 
transfer to the container any particulate matter and/or filter fibers which adhere to the filter 
bolder gasket by using a dry inert bristle brush and/or a sharp-edged blade. Seal the container. 
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5.3.4 � Sorbent Module 
Remove the sorbent module from the train and cap it 

5.3.5 � Sample Container No. 3 (back half rinses) 

Rinse the back half of the filter holder, the transfer line between the.filter and the condenser, and 
the condenser (if using the separate condenser-sorbent trap) three times each with acetcne, 
hexane and methylene chloride, and collect all rinses in Container No. 3. If using the et1n1bined 
condenser/sorbent trap, the rinse of the condenser shall be performed in the laboratory after 
removal of the XAD-2 portion. If the optional water knockout trap has been employed, the 
contents and rinses shall be placed in Container No. 3. Rinse it three times each with acetone, 
hexane, and methylene chloride. Marlc the liquid level. 

The back half rinses may also be combined in asingle container with the front half rinses 
(Section 5.3.1). 

5.3.6 � Sample Container No. 4 {Impinger contents) 

Wipe off the outside ofeach of the first three impingers to remove excess water and other 
material. Weigh the impingers and contents to the nearest ±0.5 g.using a balan.;e. Record tht: 
weight Calculate and then record the weight of liquid collected during sampling. Use this 
weight and the weight of liquid collected in the silica gel (Section 5. 3.8) to calct.Jate the moisture 
content of the effiuent gas (Sections 4.5.5 and 4.5.6). Pour the impinger catch directly into 
Container No. 4. Mark the liquid level. 

5.3.7 � Sample Container No. 5 {Impingerrinses) 

Rinse each impinger sequentially three times with acetone, hexane, and methylene chloride and 
pour rinses into Container No. 5. Mark the liquid level. These rinses may be combined with the 
previously weighed impinger contents in Container No. 4. 

5.3.8 � Weighing Silica Gel 

Weigh the spent silica gel to the nearest 0.5 g using a balance. Record the weight Calculate and 
then record the weight of liquid collected during sampling. Use this weight and the weight of 
liquid collected in the impingers (Section 5.3.6) to calculate the moisture content of the effiuent 
gas (Sections 4.5.5 and 4.5.6) .. 

5.4 SAMPLE PRESERVATION AND HANDLING 

From the time of collection to extraction, maintain all samples (Sections 5.3. l to 5.3.7) at 4°C or 
lower and protect from light All samples must be extracted as soon as practically feasible, but 
within 21 days of collection; and all extracts must be analyzed as soon as practically feasible, but 
within 40 days of extraction. Success in meeting the holding time requirement will depend on pre
test planning by the tester and the laboratory. 
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. 6 ANALYTICAL PREPARATION 

This method is restricted to use only by or under the supervision of analysts experienced in the use of 
capillary column gas chromatography/mass spectrometry and skilled in the interpretation of mass spectra 

r· � Each analyst must demonstrate the ability to generate acceptable results with this method using the 
procedures described in Sections 7.3, 8.2.6, and 8.3.1. 

6.1 SAFETY
f. 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined. 
Nevertheless, each chemical compound should be treated as a potential health hazard and exposure to 
these chemicals must be reduced to the lowest possible level by whatever means available. The 
laboratory is responsible for maintaining a current file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file ofmaterial safety data sheets 
should also be made available to all personnel involved in the chemical analysis. Reference 11. 9 
describes procedures for handling hazardous chemicals in laboratories. 

The following method analyt.es have been classified as known or suspected human or mammalian 
carcinogens: benzo(a)anthracene and dibenzo- (a.h,)anth.racene. A guideline for the safe handling of 
carcinogens can be found in Section 5209 ofTitle 8 of the California Administrative Code. 

6.2 CLEANING OF LABORATORY GLASSWARE 

Glassware used in the analytical procedures (including the Soxhlet apparatus and dispos:ible bottles) 
must be cleaned as soon as possible after use by rinsing with the last solvent used in it This must be 
followed by detergent washing with hot water, and rinses with tap water, deionized water, acetone. 
hexane, and methylene chloride. Other cleaning procedures may be used as long as acceptable blanks 
are obtained. Acceptance criteria for blanks are given in Section 8.2. 

Clean aluminum foil °"ith acetone followed by hexane and methylene chloride. 

6.3 APrARATUS 

6.3. i Grab Sample Bottle 

Amber glass, 125-mL and 250-mL, fitted with screw caps lined with Teflon. The bottle and cap 
liner must be acid washed and solvent rinsed with acetone and methylene chloride, and dried 
before USC. . . 

6.3.2 Concentrator Tube, Kuderna-Danish 

10-mL, graduated (Kontes-K-570050-1025 or equivalent). Calibration must be checked at the 
volumes employed in the test A ground glass stopper must be used to prevent evaporation of 
extracts. 

6.3.3 E\,aporation Flask, Kudema-Danish 

500-m.L (Kontes K-570001-0500 llr equivalent). (Attached to concentrator tube with springs). 
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6.3.4 � Snyder Column, Kuderna-Danish 

Three-ball macro (Kontes K-569001-0121 or equivalent). 

6.3.5 � Snyder Column, Kuderna-Danish 

Two-ball micro (Kontes K-569001-0219 or equivalent). 

6.3.6 � Minivials 

1.0 ml vials; cone-shaped to facilitate removal of veiy small samples; heavy wall borosilicate 
glass; with Teflon-faced rubber septa and screw caps. 

6.3. 7 Soxhlet Apparatus 

1liter receiver, 1 heating mantle, condenser, Soxhlet extractor. 

6.3.8 � Rota!)' Evaporator 

Rotovap R (or equivalent), Brinkmann Instruments, Westbury, NY. 

6.3.9 � Nitrogen Blowdown Apparatus
\ 

N-Evap Analytical Evaporator Model 111 (or equivalent), Organomation Associates Inc., 
Northborough, :MA. 

6.3.10 � Analytical Balance 

Analytical. Capable of accurately weighing to the nearest 0.0001 g. 

6.3.11 � Disposable Pipet 

5 3/4 inch x 7.0 mm OD., 

6.4 SAMPLE PREPAMTION REAGTh'TS 

6.4.1 � Reagent water 

Same as 5.2.1. 

6.4.2 � Acetone 

Same as 5.2.2. 

6.4.3 � Hexane 

Same as 5.2.3. 

July 28, 1997 � M-429 Page 35 J 
"l 

N-213 � . I 



6.4.4 Methylene Chloride 

Same as 5.2.4. 

-·~ .,6.4.5 Sulfuric Acid 

ACS. Reagent grade. Concentrated, sp. gr. 1.84. 

6.4.6 Sodium Sulfate 

ACS. Reagent grade. Granular, anhydrous. Purify prior to use by extracting with methylene 
chloride and oven drying for 4 or more hours in a shallow tray. Place the cleaned material in a 
glass container with a Teflon-lined screw cap, and store in a desiccator. 

6.4.7 Silica Gel 

For column chromatography, type 60, EM reagent, 100-200 mesh, or equivalent Soxhlet extract 
with methylene chloride, and activate by heating in a foil covered glass container for longer than 
16 hours at 130 °C, then store in a desiccator. The storage period shall not exceed two days. 

NOTE: � The performance of silica gel in the column cleanup proced\ll'C varies with 
manufacturers and with the method of storage. The analyst shall establish a procedure 
that satisfies the performance criteria ofSection 6.6.1. 

6.4.8 Alumina: Acidic 

Soxhlet extract with methylene chloride, and activate in a foil covered glass container for 24 
hours at 190 °C. � · 

NOTE: � The performance of alumina in the column cleanup procedW"C varies with 
manufacturers and with the method ofstorage. The analyst shall establish a procedure 
that meets the performance criteria of Section 6.6.1. 

6.4.9 Nitrogen 

Obtained from bleed from liquid nitrogen t.ank. 

6.5 SAMPLE EXTRACTION 

WARNING: 	Stack sampling will yield both liquid and solid samples for PAH analysis. Sample~ 
must not be split prior to extraction even when they appear homogeneous as in the 
case ofsingle liquid phase samples. Solid samples such as the resin are not 
homogeneous and particulate matter may not be uniformly distributed on the filter. In 
addition, filter samples are generally so small that the desired detection limit might not 
be achieved if the sample were split 
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The recovered sar::iples may be combined as follow~: 

1) � Particulate filter and particulate matter collected on the filter (Section 5.3.3), cydonc catch 
(Sectior. :.3.:) :.::d :..::1pl: c:::i::~:::-~r:- 1 ~c:,..:.·!ion 5.3.1). 

2) � Sample container No. 3 (Section 5.3.5), resin (Section 5.3.4) and rinse of resin cartridge. 

3) � Sample container No.4 (Section 5.3.6) and sample container No.5 (Section 5.3.7) 

Two schemes for sample preparation are described in Sections 6.5.1 and 6.5.2 below. One of these 
must be used. 

Section 6.5.1 describes sample preparation procedures for separate GC/MS anc!.lyses of impingers 
and the remainder of the sampling train. Figure 7 is a flowchart of the extraction and cieanup 
procedures. 

Section 6.5.2 describes sample preparation procedures for GC/MS analysis of a single composite 
extract from each sampling train. The recovered samples are combined as shown in Figure 8. 

6.5 .1 Separate Analysis of Impingers 

A separate analysis of the impingers can be used to determine whether there has been 
breakthrough of P AHs past the resin. 

6.5.1.1 Extraction of Liquid Samples 

A. 	 Sample Container No. 1 (Front half rinses) 

Concentrate the contents of sample container No. 1 (Section 5.3 .1) to a volume of about 
1-5 mL using the nitrogen blowdown apparatus. Rinse the sample container three times 
with small amounts of methylene chloride and add these rinses to the concentrated 
solution. Concentrate further to about 1-5 mL. This residue will likely contain 
particulate matter which was removed in the rinses-of the probe and nozzle. Transfer 
the residue (along with three rinses of the final sample vessel) to the Soxhlet apparatus 
with the filter and particulate catch and proceed as described under Section 6.5. l.2 
below. 

B. � Sample Container No. 3 (Back half rinses) 

Concentrate the contents of sample container No. 3 (Section 5 .3 .5) to a volume of about 
1-5 mL using the nitrogen blowdown apparatus. Rinse the sample container three times 
with small amounts of methylene chloride and add these rinses to the co::icentrated 
solution. Concentrate further to about 1-5 mL. Combine this residue (along with three 
rinses of the final sample vessel) in the Soxhlet apparatus with the resin sample, and 

. proceed as described under Section 6.5.1.2 below. 

July 28, 1997 � M-429 Page 37 

N-215 




C. Containers No. 4 and No. S (lmpinger contents and rinses) 

Place the contents of Sample Containers No. 4 and No. 5 (Sections 5.4.6 and 5.4.7) in a 
scparatory ftmnel. Add the appropriate amount of2H-labelled alternate standard 
solution (Secti911 7 and Table 7 or 7A) to achieve the final extract concentrations 
indicated in Table 8 or 8A. The amounts required by Section 7.2.4 are based on a final 
volume of 500 µL for analysis ( 450 µL ofsample extract and 50 µL of recovery 
standard solution). Extract the sample three times with 60 mL aliquots of methylene 
chloride. Combine the organic fractions. Divide the extract in two: one half to be 
archived, and the other for cleanup and GC/MS analysis. Store the archive sample at 

r. 4°C away from light 

Pour the remaining extract through N82S04 into a round bottom flask. Add 60 to 100 
mL hexane and evaporate to about 10 mL. Repeat three times or less if the methylene 
chloride can be removed with less hexane. Add the appropriate amount of alternate 
standard (Section 7.2.7) to achieve the final extract concentrations shown in Table 6 or 
6A. This standard must be used to monitor the efficiency ofthe cleanup procedure. 

Concentrate the remaining sample to 2 mL with a Kuderna-Danish concentrator or 
rotary evaporator, then transfer the extract to a 8 mL test tube with hexane. Proceed 
with sampl~ cleanup procedures below (Section 6.6). · 

6.5.1.2 Extraction of Solid Samples 

Filter, Particulate matter, and Resin 

The Soxhlet apparatus must be large enough to allow extraction of the sample in a single 
batch. Clean the Soxhlet apparatus by a 4 to 8 hr Soxhlet with methylene chloride at a 
cycling rate of 3 cycles per hour. Discard the solvent. Add 20 g N82SO4 to the thimble 
Combine the filter, resin, glass wool, and concentrated front and back half rinses (6.5. 1.lA 
and 6.5.1. lB) and place on top of the N82S04. Add the appropriate amount of internal 
standard (Section 7.2.4 and Table 7) to achieve the final extract concentrations indicated in 
Table 8. 

Place the thimble in the Soxhlct apparatus,-and add about 700 mL of methylene chloride to 
the receiver. Assemble the Soxhlet, tum on the heating controls and cooling water, and 
allow to reflux for 16 hours at a rate of 3 cycles per hour. After extraction, allow the 
Soxhlet to cool. Divide the sample in two: one half to be archived, and the other for clcanur 
and GC/MS analysis. Store the archive sample at 4°C away from light 

Exchange the remaining extract to hexane. Add 60 to 100 mL hexane and evaporate to 
about 10 mL. Repeat three times or as necessary to remove the methylene chloride. Add the 
appropriate amount of alternate standard (Section 7 .2.7 and Table 7 or 7 A) to achieve the 
fl.Lal extract concentrations shown in Table 8 or 8A. This alternate standard must be used tc 
;::..::,~:.:r the efficiency of the cleanup procec:irc when the impingcrs arc analyzed separately 
from the remainder of the sampling train. 
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Concentrate the remaining sample to about 2 mL with a Kuderna-Danish concer.tratcr or 
rotoevaporator, then transfer the extract to a 8-m.L test tube with hexal"!.e. Proceed w1:.:.ri 
sample cleanup procedures below (Section 6.6). 

6.5.2 Single Composite Extract For Analysis 

6.5.2.1 Extraction of Aqueous Samples 

Containers No. 4 and No. 5 (Impinger contents and rinses) 

Pour the contents of Sample Containers No. 4 and No. 5 (Sections 5.3.6 and 5.3.7) into an 
appropriate size separatory funnel. Do not add internal standards. Instead, ~d the 
appropriate amount of alternate standard spiking solution (Section 7 and Table 7. or 7A) to 
achieve the final extract concentrations indicated in Table 8 or 8A. 

Extract the sample three times with 60 m.L aliquots of methylene chloride. Combine the 
organic fractions with the solid samples and concentrated rinses (6.5.2.2) in a Soxhlet 
extractor. 

6.5.2.2 Extraction of Solid Samples 

Concentrate the front and back half rinses as described in Sections 6.5. l. lA and 6.5. l. lB. 
Clean the Soxhlet apparatus as in Section 6.5.1.2. Place the filter and resin in the Soxhlet 
apparatus along with the concentrated front and back half rinses and the impi.:iger extract 
Add the internal standards, extract the sample, and concentrate the extract as described in 
Section 6.5. l.2. Divide the extract into two equal portions. Store one of tllese, the archive 
sample, at 4 °C away from light The remaining extract must be exchanged to hexane as 
described in Section 6.5.1.2. Do not add the alternate standard to this composite extract It 
has already been added to the impinger sample (6.5.2.1). 

Concentrate the extract to 2 m.L with a Kuderna-Danish concentrator or rotary evaporator, 
then transfer to a 8-mL test tube with hexane or equivalent non-polar solvent such as 
isooctane. Proceed with sample cleanup procedures below (Section 6.6) 

6.6 COLUMN CLEANUP 

Several column chromatographic cleanup options are available. Either of the two described below 
may be sufficient Before using a procedure for the cleanup of sample extracts, the analyst must 
demonstrate that the requirements ofSections 8.1.3.1 and 8.2.6 can be met using the cleanup 
procedure. Acceptable alternative cleanup procedures may also be used provided that the analyst can 
demonstrate that the performance requirements of Sections 8.1.3.1 and 8.2.6 can be met 
Compliance with the requirements of Sections 8.1.1.1 and 8.2.6 must also be demonstral.ed whenever 
there is a change in the column cleanup procedure used for the initial demonstration. 

The sample extract obtained as described in Sections 6.5.IC and 6.5.1.2 or 6.5.2.2 is concentrated to 
a volume of about I m.L using the nitrogen blowdown apparatus, and this is transferred quantitatively 
with hexane rinsings to at least one of the columns described below. 
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6.6.1 Column Preparation 

~ 

l_ 

L 
l 

I 
J 

I �
l �

6.6.2 

A. Silica Gel Column 

Pack a glass gravity column (250 mm x 10 mm) in the following manner: 

Insert a clean glass wool plug (Section 4.2.7) into the bottom of the column and add 10 
grams of activated silica gel (Section 6.4.7) in methylene chloride. Tap the column to settle 
the silica ge~ and then add a 1cm layer of anhydrous sodium sulfate (Section 64.6) 

Variations among batches of silica gel may affect the elution volume of the various PAH. 
Therefore, the volume of solvent required to completely elute all of the PAH must be verified 
by the analyst The weight of the silica gel can then be adjusted accordingly. Satisfactory 
recovery (as defined in Section 6.6) ofeach native PAH in the LCS (8.1.3) must be 
demonstrated whenever there is a change in the method ofpreparing the silica gel colWI'lfil. 

B. Acid Alumina Column 

Pack a 250 mm x 10 mm glass gravity column as follows: 

- Insert a clean glass wool plug (Section 4.2.7) into the bottom of the column. Add 6 g of acid 
alumina prepared as described in Section 6.4.8. Tap the column gently to settle the alumina. 
and add 1 cm of anhydrous sodium sulfate to the top. 

Satisfactory recovery (as defined in Section 6.6) of each native PAH in the LCS (8.1.3) must 
be demonstrated whenever there is a change in the method of preparing the acid alwnina 
columns. 

Column Chromatography Procedure 

A. Silica Gel Column 

Elute the column with 40 mL ofhexane. The rate for all elutions should be about 2 mLJmir, 
Discard the eluate and just prior to exposure of the sodiwn sulfate layer to the air, a-ansfer 
the 1mL sacpie extr.ict onto the column using two additional 2 mL rinses of hexane to 
complete the transfer. Just prior to exposure of the sodium sulfate layer to the air, begin 
elution of the column with 25 mL ofhexane followed by 25 mL of methylene 
chloride/hexane (2:3Xv/v). Collect the entire eluate. Concentrate the collected fraction to 
about 5 mL using the K-D apparatus or a rotary evaporator. Do not allow the extract to go 
to dryness. 

Transfer to a minivial using a hexane rinse and concentrate to 450 µL using a gentle stream 
ofnitrogen. Store the extracts in a refrigerator at 4 °C or lower away from light until 
GC/MS analysis (Section 7). 
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B. Alumina Column 

Elute the column with 50 mL of hexane. Let the solvent flow thro;..gh the colwr:. U!lt:l the 
bead of the liquid in the column is just above the sodium sulfate layer. Close the stopcock to 
stop solvent flow.. · 

Transfer l mL of the sample extract onto the coiwnn. Rinse out extract vial witli two l uiL 
rinses of hexane and add it to the top of the column immediately. To avoid overloading the 
column., it is suggested that no more than 300 mg of extractable organics be placed on the 
column. 

Just prior to exposure of the sodium sulfate to the air, elute the column with a total of 15 mL 
of hexane. If the extract is in l mL ofhexane, and if 2 mL ofhexane was used as a rinse, 
then 12 mL of additional hexane should be used. Collect the effluent and concentrate to 
about 2 mL using the K-D apparatus or a rotary evaporator. 

Transfer to a minivial using a hexane rinse and concentrate to 450 µL using a gentle stream 
of nitrogen. Store the extracts at 4°C or lower away from light until GC/MS analysis. 

GC/MS ANALYSIS 

7.1 APPARATUS 

7. I'". l Gas Chromatograph 

An analytical system complete with a temperature programmable gas chromatograph and all 
required accessories including syringes, analytical columns, and gases. The GC injection port 
must be designed for capillary columns. Splitless injection is recommended. 

7.1.2 Column 

Fused silica columns are required. 

A. 30 M long x 0.32 mm ID fused silica capillary column coated with a crosslinked phenyl 
methyl silicone such as DB-5. 

B. Any column equivalent to the DB-5 column may be used as long as it has the same 
separation capabilities as the DB-5. 

7.1.3 Mass Spectrometer 

7.1.3.1 Low Resolution 

A low resolution mass spectrometer (LRMS) equipped with a 70 eV (nominal) ion source 
operated in the electron impact ionization mode, and capable of monitoring all of the ions in 
each Selected Ion Monitoring (SIM) group (Table 13) with a total cycle time of I second er 
less. 
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7.1.3.2 High Resolution 

The high resolution mass spectrometer (HRMS) must be capable ofoperation in the SIM 
mode at a resolving power of 8,000. Electron impact ionization must be used. The mass 
spectrometer must tie capable of monitoring all of the ions listed in each of the three SIM 
descriptors (Table··l4) with a total cycle time of 1second or less. 

7.1.4 GC/MS Interface 

Any gas chromatograph to mass spectrometer interface may be used as long as it gives 
acceptable calibration response for each analyte of interest at the desired concentration and 
achieves the required ttming performance criteria (Sections 7.3.5 and 7.3.6). All components of 
the interface must be glass or glass-lined materials. To achieve maximum sensitivity, the exit 
end of the capillary column should be placed in the mass spectrometer ion source without being 
exposed to the ionizing electron beam. 

7.1.5 Data Acquisition System 

A computer system must be interfaced to the mass spectrometer. The system must allow the 
continuous acquisition and storage on machine-readable media of all data obtained throughout 
the duration of the chromatographic program. The computer must have software that can search 
any GC/MS data file for ions of a specific mass and plot a Selected Ion CUITCnt Profile or SICP 
(a plot of the abundances of the selected ions versus ti.me or scan number). Software must also

j � be able to integrate, in any SICP, the abundance between specified time or scan-number limits 

The data system must provide hard copies of individual ion chromatograms for selected gas 
r.hromatographic time intervals. 

The data system must also be able to provide hard copies of a summary report of the results of 
the GC/MS runs. Figures 14A to 14C show the minimum data that the system must be availabk 
to provide. 

7.2 REAGENTS 

7.2.1 Stock Standard Solution (1.00 µg/µL) 

Standard solutions can be prepared from pure standard materials or purchased as c~rtified 
M>lutions. 

7.2.2 Preparation of Stock Solutions 

A. � Calibration standards. Prepare stock calibration standard solutions ofeach of the PAH 
analytes by accurately weighing the required amount of pure material. Dissolve the material 
i.'1 isooctane and dilute to volume. When compound purity is assayed to be 96% or greater, 
the weight may be used without correction to calculate the concentration of the stock 
standard. 
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Cominercially prepared stock standards may be used at any concentration if they are certified 
by the manufacturer or by an independent source. 

B. � Internal standards. Prepare stock solutions in isooctane of the fourteen internal standards 
listed in Table 4 or_ 4A at concentrations of 1000 ng/µL. 

C. 	 Recovery standards. Prepare stock solutions in isooctane of the three recovery standard!: 
listed in Table 4 or 4A at concentrations of 1000 ng/µL. 

D. � Alternate standard. Prepare a stock solution in isooctane of the alternate standard lis+.ed in 
Table 4 or 4A at a concentration of 1000 ng/µL. 

E. � Surrogate standards. Prepare stock solutions in isooctane of the surrogate standards listed in 
Table 4 or 4A at a concentration of 1000 ng/µL. 

Store stock standard solutions in Teflon®-sealed screw-cap bottles at 4°C and protect from 
light Stock standard solutions must be checked frequently for signs of degradation or 
evaporation, especially just before using them to prepare calibration standard solutions or 
spiking solutions. 

Replace stock standard solutions every 12 months or more_ ~quently ifcomparison with 
quality control check samples according to Section 7.4.1 indicates a problem. 

7.2.3 Calibration Standards 

Prepare calibration standards at a minimum of five concentration levels. One of the calibration 
standards should be at a concentration near, but above, the method detection limit. The others 
should include the range of concentrations found in real samples but should not exceed the linear 
range of the GC/MS system. 

Prepare calibraticn working standard ~lutions by combining appropriate volumes of individual 
or mixed calibration standards with internal standard, recovery standards, and alternate standard 
spiking solution and making up to volume with hexane to obtain the solution concentrations 
given in Tables 5, 6, and 6A. The suggested ranges are 0.25 ng/µL to 5.0 ng/µL for LR..\1S and 
10 pg/µL to 500 pg/µL for HRMS. 

All standards must be stored at 4°C or lower and must be freshly prepared if the check according 
to Section 7.4.1 indicates a problem. 

7.2.4 Internal Standard (IS) Spiking Solution 

The concentration of internal standard in the IS spiking solution must be such that the amount of 
solution added to the calibration standard solution and the sample is at least 2 ml. 

Prepare the internal standard spiking solution by using appropriate volumes ofstock solutions of 
Section 7.2.2B to give the concentrations shown in Table 4 or 4A. A volume of 2 mL ofeither· 
the LRMS or HRMS spiking solution will provide the amount of the internal standards that 
must be added to the sample (Table 7 or 7A) before extraction to achieve, in a final volume of 
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500 µL, the sample extract concentrations shown in Table 8 for LRMS and Table 8 or 8A for 
HRMS analysis. The target concentrations in Tables 8 and 8A arc based on a final volume of 
500 µLand 100 percent recovery of the internal standards added to the sample.L 

7.2.5 Recovery Standard Spiking Solution 
(_ �

The concentration of~covery standard in this spiking solution must be such that the amount of �
solution added to the concentrated sample extract is SO µL to give a final extract volume of 500�

L µL. �

Use an appropriate volume ofstock solution ofSection 7.2.2C to prepare a recovery standard 
spiking solution with the concentrations shown in Table 4 or 4A. Store at 4 °C or lower. 

A volume of SO µL of the recovery standard spiking solution shown in Table 4 or 4A will 
provide the amount of each recovery standard required by Table 7 or 7A to achieve the target 
sample concentration ofTable 8 or 8A. Final volumes, may be adjusted depending on the target 
detection limit 

7.2.6 Surrogate Standard Spiking Solution 

The concentration of surrogate standard in this spiking solution must be such that the amount of 
solution added to the calibration standard solution and the sorbent module is at least 2 ml. 

Prepare the surrogate standard spiking solution by using the appropriate volume of stock 
solution of Section 7.2.2E to give the concentration shown in Table 4 or 4A. A volume of 2 mL 
of either the LRMS or HRMS spiking solution will provide the amount of the surrogate.. standards that must be added to the sample (Table 7 or 'lA) before sampling to achieve the 
sample extract concentrations shown in Table 8 or 8A in a final sample volume of 500 µL

'' 
7.2.7 Alternate Standard Spiking Solution 

The concentration of alternate standard in this spiking solution must be such that the amount of 
solution added to the calibration standard solution and the sample extracts is at least 2 mL 

Prepare the alternate standard spiking solution by using the appropriate volume of stock solution 
of Section 7.2.2D to give the concentration shown in Table 4 or 4A. A volume of 2 ml ofeither 
the LR.MS or HR.MS spiking solution will provide the amount of the alternate standard that 
must be added to the sample (Table 7 or 7A) before extraction to achieve the sample extract 
concentrations shown in Table 8 or 8A in afinal sample volume of 500 µL. 

7.2.8 Calibration Check Standard 

The ca!ibration check standard shall be used for column performance checks, and for continuing 
calibration checks. Solution #3 from Table 5 shall be the calibration check standard for LRMS, 
...1:_:!? ~~~:ition #3 from Table 6 or 6A shall be the calibration chl"Ck standard for HR.MS. 
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7.3 INITIAL CAtIBRA TION 

An acceptable initial calibration (7.3.8) is required before any samples are an.J12.1,;d, and the1.1 
intermittently throughout sample analyses as dictated by results of the contincing calibration 
procedures described in Sec;tion 7.4. The GC/MS syst.:m must be properly cJlibrated and the 
performance documented during the initial calibration. 

7.3.1 Retention Time Windows 

Before sample analysis, determine the retention time windcws during which the selected ions will 
be monitored. Determine Relative Retention Time (RRTs) for each analyte by using the 
corresponding 2H - labelled standard. 

7.3.2 GC Operating Conditions 

The GC column performance (Section 7.3.5) must be documented during the initial calibration. �
Table 10 summarizes GC operating conditions known to produce acceptable results with the �
column listed The GC conditions must be established by. each analyst for the particula. �
instrumentation by injecting aliquots of the calibration check standard (7.2.8). It may be �
necessary to adjust the operating conditions slightly based on observations from analysis of these .. �
solutions. Other columns and/or conditions may be used as long as column performance criteria �
of Section 7.3.5 are satisfied. �

Thereafter the calibration check standard must be analyzed daily to verify the performance of the · �
system (Section 7.4). �

7.3.3 GC/MS Tuning Criteria 

A. Low Resolution Mass Spectrometry 

Use a compound such perfluorotributylamine (PFTBA) to verify that the intensity of the 
peaks is acceptable. If PFTBA is used, mass spectral peak profiles for m/z 69, 219 and 264 
must be recorded, plotted, and reported The scan should include a minimum of+/- two 
peaks (i.e, m/z 67=71 for the m/z 69 profile). 

B. High Resolution Mass Spectrometry 

Tune the instrument to meet the minimum required resolving power of 8,000 at 192.9888 or 
any other PFK reference signal close to 128.0626 (naphthalene). Use peak matching and the 
chosen PFK reference peak to verify that the exact mass ofm/z 242.9856 is within 5 ppm of 
the required value. The selection of the low and high mass ions must be such that they 
provide the largest voltage jump performed in any of the three mass descriptors. 

· 1 
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7.3.4 MS Operating Conditions 

r � A. Low Resolution Mass Spectrometry 

Analyze standarqs and samples with the mass spectrometer operating in the Selected Ion

{ Monitoring (SIM)_~ode with a total cycle time of l second or less. 

B. � High Resolution Mass Spectrometry 

I_ 
Analyze standards and samples with the mass spectrometer operating in the SIM mode with 
a total cycle time (including the voltage reset time) ofone second or less. 

A reference compound such as Perlluorokerosene (PFK) must be used to calibrate the SIM 
mass range. One PFK ion per mass descriptor is used as a lock-mass ion to correct for mass 
drifts that occur during the analysis. In addition to the lock-mass ion, several ions 

J � characteristic of PFK are monitored as QC check ions (Table 13). 

I 7.3.5 - GC Column Performance Criteria 

A. � The height of the valley between anthracene and phenanthrene at m/z 178 or the 2H-analogs 
at m/z 188 shall not exceed 50 percent of the taller of the two peaks. 

B. � The height of the valley between benzo(b)fluoranthene and benzo(k)fluoranthene shall not 
exceed 60 percent of the taller of the two peaks. 

l 
If these criteria are not met and normal column maintenance procedures are not successful, the 
column must be replaced and the initial calibration repeated. 

7.3.6 Mass Spectrometer Performance 

A. � Low Resolution Mass Spectrometry 

Verify acceptable sensitivity during initial calibration. Demonstrate that the instrument w1;' 
achieve a minimum signal-to-noise ratio of 10: 1 for the quantitation and confirmation 10m 

when the calibration standard with the lowest concentration is injected into the GC/MS 
system. 

B. � High Resolution Mass Spectrometry 

Record the peak profile of the high mass reference signal (m/z 242.9856) obtained during 
peak matching by using the low-mass PFK ion at m/z 192.9888 (or lower in mass) as a 
reference. The minimum resolving power of 8,000 must be demonstrated on the high-ma'>s 
ion while it is transmitted at a lower accelerating voltage than the low-mass reference ion. 
which is transmitted at full sensitivity. 

The format of the peak profile representation· must allow manual determination of the 
l . � resolution, that is, the horizontal axis must be a calibrated mass scale (an:u or ppm per 

division). 
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The peak width of the high mass ion at 5 percent of the peak height must not exceed 125 
ppm in mass. 

7.3.7 � Calibration Procedure 

Using stock standard~. ~repare at least five calibration standard solutions, using the slID.e solvent 
that was used in the final sample extract Keep the recovery standards and the internal standards 
at fixed concentrations. Adjust the concentrations recommended in Tables 5 and 6, if n;:cessary, 
to ensure that the sample analyte concentration falls within the calibration range. The calibration 
curve must be described within the linear range of the method. · 

Calibrate the mass spectrometer response using a 2 µL aliquot of each calibration solution. 
Analyze each solution once. 

Calculate: 

A. � the relative response factors (RRFs) for each analyte as described in Sections 
7.7.1.1, 7.7.1.2, and 7.7.1.3. 

B. � the mean RRFs as required by Section 7. 7.1.4. 

C. � the standard deviation (SD) and relative standard deviation {RSD) as req·.rired 
by Section 7.7.2. 

Report all results as required by Section 10.2. 

7.3.8 � Criteria for Acceptable Initial Calibration 

An acceptable initial calibration must satisfy the following performance criteria: 

A. � The requirements of Sections 7.3.5 and 7.4.6 must be met 

B. � The signal to noise ratio (SIN) for the GC signals present in every selected ion current 
profile (SICP) must be> 10: 1 for the labelled standards and unlabelled analytes. 

C. � The percent relative standard deviation for the mean relative response factors must be no 
greater than 30 percent for both the unlabelled analytes and internal standards 
(Section 7. 7.2). Otherwise, take corrective action as required by Section 7. 7.2. 

7.4 CONTINUING CALIBRATION 

The continuing calibration consists ofan analysis of the calibration check standard (Section 7.2.8) 
once during each 12-hour shift as described in Section 7.4.1. 

The criteria for acceptable continuing calibration arc given in Section 7 .4.2. These must be satisfied 
or else corrective action must be taken as required by Section 7.4.2. 

. J 
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7.4.1 � Calibration Check 

The calibration check standard (Section 7.2.8) must be analyzed at the beginning and end of each 
analysis period, or at the beginning of every 12-hour shift if the laboratory operates during 
consecutive 12 hour shifts. 

Inject a 2-µL aliquot of the calibration check standard (Section 7.2.8) into the GC/MS. Use the 
same data acqui3ition parameters as those used during the initial calibration. 

Check the retention time windows for each of the compounds. They.must satisfy the criterion of 
Section 7.4.2C 

Check for GC resolution and peak shape. Document acceptable column performance a.s 
described in Section 7.3.5. If these criteria are not met, and normal column maintenance 
procedures m unsuccessful, the column must be replaced and the calibration repeated 

Calculate the continuing RRF and dRRF, the relative percent difference (RPO) between the dail~ 
RRF and the initial calibration mean RRF as described in Section 7.7.1.5. 

Report the results as required by Section 10.2. 

7.4.2 � Continuing Calibration Performance Criteria 

An acceptable continuing calibration must satisfy the following performance criteria: 

A. � The signal to noise ratio (SIN) for the GC signals present in the selected ion curr~nt profile 
(SICP) for all labelled and unlabelled standards must be~ 10: 1. 

B. � The measured RRFs of all analytes (labelled and unlabelled) must be within 30 percent of 
the mean values established during the initial calibration. If this criterion is not satisfied. a 
new initial calibration curve must be established before sample extracts can be analyzed 

C. � The retention time for any internal standard must not change by more than 30 seconds from 
the most recent calibration check. Otherwise, inspect the chromatographic system for 
n:.?lfunctions and make the necessary corrections. Document acceptable performance with 2 

new initial calibration curve. 

7.5 GC/MS ANALYSIS 

The laboratory may proceed with the analysis of samples and blanks only after demonstrating 
acceptable performance as specified in Sections 7.3 and 7.4. 

Analyze sta!ldards, field samples and QA samples (Section 8.1) with the gas chromatograph and 
mass ~ctrometer operating under the conditions recommended in Sections 7.3.2 and 7.3.4. 

ApproXllllately 1hr before HRGC/LRMS or HRGC/HRMS analysis, adjust the sample eXU"act 
volume to approximately 500 µL. This is done by adding 50 µL of the recovery standard spike 
solution (Section 7.2.5, and Table 4 or 4A) to the 450 µL final volume (Section 6.6.2) of the 
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concentrated sample extract give the sample extract concentration required by Table 8 or 8A. If the 
sample volwne must be changed to achieve a desirec! detection limit, the recovery spik scl~ti<'n 
concentration must be adj'.JSted accordingly to achieve the target concentrations of Table 8 er 8A. 

T •• "ta 2 µL .... r.11 't -C+'-., , ...... -1, , .......~r+ IC"'or+=~-- t:. t:. ")onto the DB-5 col......... TTro .,., ............�~J""'"" '4.......-i-.., ..,J. wv ... ~r ..... '"'··--·· ,_.,. ____ •. -,.-� """--. �

volume as that used duririg calibration. Recommended GC/MS operating conditions are described in 
Section 7.3. 

The presence of a given P AH is qualitatively confirmed if the criteria ofSection 7.6.1 are satisfied. 

The response for any quantitation or confirmation ion in the sample extract must not exceed the 
response of the highest concentration calibration standard. 

Collect, record, and store the data for the calculations required by Sections 9.1.7, 9.1.8, 9.1.9, ilDd 
9.1.10. Report the results as required by Section 10.2. 

7.6 QUALITATIVE ANALYSIS 

7.6.1 Identification Criteria 

7.6.1.1 � Ion Criteria 

For LRMS analysis, all quantitation and confirmation ions (Table 13) must be present 

7.6.1.2 � Relative Retention Time (RR1) Criteria 

The relative retention time (RR1) of the analyte compared to the RRT for the 2H-standards 
must be within ±0.008 RRT units of the relative retention times obtained from the 
continuing calibration (or initial calibration if this applies). 

7.6.1.3 � Signal to Noise Ratio 

The signal to mean noise ratio must be 10: 1 for the internal standards. This ratio for the 
unlabelled compounds must be greater than 2.5 to 1 for the quantitation ions for HRMS and 
for both quantitation and confirmation ions for LRMS. 

Ifbroad background interference restricts the sensitivity of the GC/MS analysis, the analyst 
must employ additional cleanup on the archive sample and reanalyze. 

7.7 QUANTITATIVE ANALYSIS 

7.7.1 Relative Response Factors (RRFs) 

7.7.1.1 � RRF for Unlabelled PAH and Surrogate Standards 
from Initial Calibration Data 

. Use the results of the calibration and Equation 429-13 to calculate the relative response 
factors (RRFs) for each calibration compound and surrogate standard in each calibration J 
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7.7.1.2 

,. 

[. 7.7.1.3 

7.7.1.4 

7.7.1.5 

7.7.2 

solution (Tables 5 or SA). Table 11 shows the assignments of the internal standards for 
calculation of the RRFs for the calibration solution shown in Table 5. Table I IA shows the 
assignments of the internal standards for calculation of the RRFs for the calibration solution 
shown in Table SA. Report the results as required by Section 10.2. 

RRF for Detcrmfn_!bg Internal Standard Recovery 

Use the results ofthe calibration in Equation 429-18 to calculate the relative response factor 
for each internal standard relative to an appropriate recovery standard. Table 11 shows the 
assignments of the recovery standards for calculating internal standard recoveries for the 
calibration solution shown in Table 5. Table llA shows the assignments of the recover: 
standards for calculating internal standard recoveries for the calibration solution shown in 
Table SA. Report the results as required by Section 10.2. 

RRF for Determining Alternate Standard Recovery 

Use the calibration results and Equatioi;i 429-19 to calculate the response factor for the 
alternate standard relative to the appropriate recovery standard. Table 11 shows the 
assignment of the recovery standards for calculating alternate standard recovery for the 
calibration solution shown in Table 5. for the calibration solution shown in Table 5. Report 
the results as required by Section 10.2. · 

Mean Relative Response Factor 

Use Equation 429-20 to calculate the mean RRF for each compound (unlabelled calibration 
standards, surrogate standards, internal standards and alternate standard). This is the 
average of the five RRFs calculated for each conipound (one RRF calculated for each 
calibration solution). The mean RRF may be used if the linearity criterion of Section 7.7.2 1s 
satisfied. 

Report the results as required by Section 10.2. 

RRF from Continuing Calibration Data 

Analyze one or more calibration standards (one must be the medium level standard) on each 
work shift of 12 hours or less. Use Equations 429-17, 429-18, and 429-19 to calculate the 
RRFs for each analytc. Use Equation 429-22 to calculate ·~RRF. the relative percent 
difference between the daily RRF and the mean RRF calculated during initial calibration 
Check whether the performance criterion of Section 7.4.2B is satisfied. Report the results as 
required by Section 10.2. 

Relative Standard Deviation of Relative Response Factors 

For each analytc, calculate the sample standard deviation (SD) of the RRFs used to calculate the 
~~~- ~.?.F. Use Equation 429-21 to calculate tJ,,: percent relative standard deviation (¾RSD) 
for each analyte. The analyst may use the mean RRF if the percent relative standard deviation of 
the kRFs is 30% or less. If the RSD requirement is not satisfied, analyze additional aliquots of 
::':Jf>I0p1iate calibration solutions to obtain an acceptable RSD of RRFs over the entire 
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concentration range, or take action to improve GC/MS performance. Otherwise, use the 
complete five point calibration curve for that compound. 

8 QUALITY ASSURANCE/QUALITY CONTROL 

Each laboratory that uses this.method is required to operate a formal quality control program. The �
minimum quality control requirements of this program consists of an initial demonstration of llb~ratory �
capability (according to Sections 7.3 and 8.1.3.1), and periodic analysis of blanks and spiked samples as �
required in Sections 8.1.1 and 8.1.3 .2 as a continuing check on performance. �

The laboratory must maintain performance records to document the quality of data that are generated. �
The results of the data quality checks must be compared with the method performance criteria to �
determine if the analytical results meet the performance requirements of the meth0d. The laboratory must • �
generate accuracy statements as described in Section 8.4: 1. �

8.1 QA SAMPLES 

8.1. l Laboratory Method Blank 

The analyst must run a laboratory method blank with each set of 15 or fewer samples. The 
method blank must be a resin sample from the same batch used to-prepare the sampling cartridge .. 
and the laboratory control samples. The method blank must be prepared and stored ~ described 
in Sections 4.3.4 and 4.3.5. 

The analyst shall perform all of the same procedures on the method blank as are performed on 
the solid samples (Section 6.5.2.1) from the beginning of sample extraction through to the end of 
the GC/MS analytical procedures. 

8. 1.2 Perforrr.ance Evaluation Samples 

The laboratory should analyze performance evaluation samples quarterly when these samples 
become available. These samples must be prepared and analyzed by the same methods used for 
the field samples. Performance for the most recent quarter should be reported with the results of 
the sample analysis. 

8.1.3 Laboratory Control Sample (LCS) 

· 8.1.3.1 Initial Demonstration ofLaboratory Capability 

Before performing sample analyses for the first time, the analyst shall demonstrate the 
ability to generate results of acceptable precision and accuracy by using the following 
procedures. 

Prepare spiking solutions from stock standards prepared independently from those used for 
calibration. Spike at least four resin samples cleaned as described in Section 4.2.2 with each 
of the target unlabelled analytes as indicated in Table 9. Blank resin contamination levels . 
must be no greater than l Opercent of the levels ofthe spiked analytes. Add the amounts of 1 
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8.1.3.2 �

internal standards required by Table 7 or 7 A. Add the alternate standard to the extract to 
monitor the efficiency of the cleanup procedure. 

The LCS spikes shall undergo all of the same procedures as are performed on the solid 
samples (Section 6.5.1.2) from the beginning of sample extraction through to the end of the 
GC/MS analytical__procedurcs. 

Calculate: 

(A) � percent recoveries for the internal standards and alternate standard, 
(B) � the mass of each target analyte in µg/sample or ng/sample, 
(C) � the average of the results for the four analyses in µg/sample or 

ng/sample, 
(D) � the average recovery {R) as a percentage of the amount added, and 
(E) � the relative standard deviation SR. 

Report the results as required by Section 10.2.4. 

If all the acceptance criteria of Section 8.2.6 are satisfied for all of the target PAH, the 
analyst may begin analysis of blanks and samples. Otherwise, corrective action must be 
taken as required by Section 8.2.6. 

Ongoing Analysis ofLCS 

The analyst must run two laboratory control samples with each set of 15 or fewer samples. 
The resin for the LCS must be taken from the same batch used to prepare the sampling 
cartridge and the laboratory method blank. The LCS resin must be prepared and stored ~. 
described in Sections 4.3.4 and 4.3.5. 

Prepare spiking solutions from stock standards prepared independently from those used for 
calibration. Spike each resin sample with each of the target unlabelled anal)teS as indicatec 
in Table 9. Blank resin contamination levels must be no greater than 10 percent of the levels 
of the spiked analytes. Add the amounts of internal standards required by Table 7 or 7 A 
Add the alternate standard to the extract to monitor the efficiency of the cleanup procedur: 

The LCS spikes shall undergo all of the same procedures as are performed on the solid 
samples (Section 6.5.1.2) from the beginning of sample extraction through to the end of the 
GC/MS analytical procedures. 

Calculate: 

(A) � percent recoveries for the internal standards and alternate standard, 
(B) � the mass of each target analyte in µg/sample or ng/sample, 
(C) � the average of the results for the two analyses in µg/sample or ng/sample, 
(D) � the average recovery as a percentage of the amount added, and 
(E) � the relative percent difference for the two analyses. 

Report the results as required by Section 10.2. 
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Add-the results which satisfy the performance requirements of Section 8.2.6 to the results of 
the initial LCS analyses (8.1.3.1) and previous ongoing data for each ccm.po'..!nd in the ::...cs 
sample. 

iJpdate the 1.harts as C:escribed ill Section 8.4.1. 

8.2 ACCEPTANCE CRJTER!A 

8.2.1 � Blank Trains 

The levels of any unlabelled analyte quantified in the blank train must not ex.:eed 20 percent of 
the level cf that analyte in the sampling train. If this criterion cannot be met, calculate a 
reporting limit that is five times the blank value (Equations 429-32 and 429-33). Do 1'0t 
subtract the blank value from the sample value. 

8.2.2 � Surrogate Standard Recovery 

Acceptable surrogate (field spike) recoveries should range from 50 to)50 percent If field spike 
recoveries are not within the acceptable range, this must be clearly indicated in the laboratory 
report. The affected sampling run must be identified in the report of the calculated emissions 
data 

8.2.3 � Internal Star:dard Recovery 

Recoveries for each of the internal standards must be greater than 50 percent and less than 150 
percent of the known value. 

If internal standard recoveries are outside of the acceptable limits, the signal to noise ratio of the 
internal standard must be greater than 10. Otherwise the analytical procedure must be repeated 
on the stored portion of the extract 

NOTE: 	 This criterion is used to assess method performance. As this is an isotope dilution 
technique, it is, when properly applied, independent of internal standard recovery. 
Lower recoveries do not necessarily invalidate the analytical results for PAH, but 
they may result in higher detection limits than are desired. 

Iflow internal standard recoveries result in detection limits that are unacceptable, the cleanup 
and GC/MS analysis must be repeated with the stored portion of the extract If the analysis of 
the archive sample gives low recoveries and high detection limits, the results of both analyses 
must be reported. 

8.2.4 � Laboratory Method Blank 

The laboratory method blank must not contain any of the target analytes listed in Table 1 at 
levels exceeding the PQL or 5 percent of the analyte concentration in the field sample. 

If the method blank is contaminated, check solvents, reagents, standard solutions apparatus and 
glassware to locate and eliminate the source ofcontamination before any more samples are 
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8.2.5 

8.2.6 

8.2.6.l 

analyzed.· Table 3 shows those compounds that commonly occur as contaminants in the method 
blank, and the ranges of concentrations that have been reponed. 

Iffield samples were processed with a laboratory method blank that showed PAH levels greater 
than 5 percent of the field sample, they must be re-analyzed using the archived portion of the 
sample extract ·' · 

Recoveries of the internal standards must satisfy the requirements of 8.2.3. If the internal 
standard recoveries arc less than 50%, the SIN ratio must be greater than 10 for the internal 
standard. 

Performance Evaluation Sample 

The following will be a requirement when performance evaluation samples become available, 
and perform~ce criteria have been established: 

Performance for the most recent quarter must be reported with the results of the sample analysis. 
If the performance criteria (to be established) arc not achieved, corrective action must be taken 
and acceptable performance demonstrated before sample analysis can be resumed. 

Laboratory Control Samples 

Initial and Ongoing Analysis 

The signal ofeach analyte in the initial and ongoing laboratory control samples must be at 
least 10 times that of the background. • 

Acceptable accuracy is a percent recovery between 50 and 150 percent Acceptable 
precision for the initial LCS samples is a relative standard deviation (RSD) of 30 percent or 
less. 

Acceptable precision for the ongoing analysis of duplicate samples is a relative percent 
difference of 50 percent or less. 

If the RSD for the initial demonstration exceeds the precision limit, or any calculated 
recovery falls outside the range for accw-acy, the laboratory performance for that analyte is 
unacceptable. 

Ifthe RPD for any ongoing duplicate analyses exceeds the precision limit, or any calculated 
recovery falls outside the range for accw-acy, the laboratory performance for that anal)te is 
unacceptable. 

Beginning with Section 8.1.3.1, repeat the test for those analytes that failed to meet the 
performance criteria. Repeated failure, however, will confirm a general problem with the 
"''"l><ii.rement system. If this occurs, locate and correct the source of the problem and repeat 
the test for all compounds of interest beginning with Section 8.1.3.1 for the initial analysis 
and Section 8.3.1.2 for the ongoing analysis. 
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8.3 � ESTIMATION OF THE METHOD DETECTION LIMIT (MDL) AND PRACTICAL �
QUANTITATION LIMIT (PQL) �

8.3.1 Initial Estimate of:MDL and PQL 

The analyst shall prepare a batch of XAD-2 resin as described in Sections 4.2.2. l to 4.2.2.3, 
then check for contamination as required by Section 4.2.2.4. Identify those PAH analyte~ 
present at background levels that are too high for the MDL determination. Use the prccedure of 
Appendix A to calculate MDLs for the remaining target PAH compounds. The analyst may use 
any of the five approaches described in Appendix A (A 1.1) to estimate an initial spike level for 
the :MDL determination. One of the suggested approaches is based on a theoretical method 
quantitation limit (TMQL) estimated according to Equation 429-16. 

TMQL = C X V x 100 x 2 � 429-16 p 

Where: 

C = � the concentration of the PAH in the lowest concentration calibration stan~ard 
used in the initial calibration, (ng/µL) 

V = � the final extract volume, (µL) 

P = � the assumed percent recovery (500/4) of the internal standard 

2 = � a factor to account for the fact that the final extract volume (V) contains one 
half of the analyte in the sample. The other half is archived. 

8.3.2 Ongoing Estimation of MDL and PQL 

Once every quarter in which this method is used, the analytical laboratory must analyze one 
spiked resin sample as described in Appendix A. Include all initial and quarterly results in the 
calculation of the standard deviation and MDL for each anaJyte that has not been identified as a 
common contaminant of the XAD-2 resin. 

If the MDL for any analyte exceeds the MDL established during the initial determination, take 
corrective action as necessary, and repeat the monthly analysis. Ifany MDL still exceeds the 
initial MDL, then the initial standard deviation estimation procedure (Appendix A) must be 
repeated 

8.4 � LABORATORY PERFORMANCE 

The analyst must have documented standard operating procedures (S0Ps) that contain specific 
stepwise instructions for carrying out this method. The SOPs must be readily available and followed 
by all personnel conducting the work. The SOP must be made available for review upon request by 
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[ 
the Executive ·Officer, the tester or reviewer of the analytical results. The analyst may impose 
restrictions on the dissemination of the information in the SOP.r 
The analyst must have documented precision and accuracy statements (Section 8.4.1) readily 
available.r The analyst must have results of the initial and ongoing estimates of the.MDL (Sections 8.3.1 and 
8.3.2) readily available. 

8.4. l Precision and Accuracy Statement 

f 

The precision and accuracy statements for the analytical procedure shall be based on the results 
of the initial and ongoing LCS analyses. The frequency of analysis is stated in Section 8.1. 3. 

Prepare a table of the recoveries and the relative percent difference for each ongoing analysis of 
the LCS and LCS duplicate. Figure 15A is an example ofsuch a table. This must be included in 
the analytical data package submitted for each set of sample analyses. 

Prepare a quality control chart for each target analyte that provides a graphic representation of 
continued laboratory performance for that target analyte. Figure 15B is an example QC chart for 
benzo(a)pyrene. 

9 CALCULATIONS 

Carry out calculations retaining at least one extra decimal figure beyond that o[the acquired data. Round 
off figures after the final calculation. 

9.1 � ANALYST'S CALCULATIONS 

The analyst shall carry out the calculations described in Sections 9.1.1 to 9.1.11. 

9.1.1 Relative Response Factors (RRF) for Unlabelled PAH and Surrogate Standards 

Calculate the RRF for each target unlabelled PAH ana!yte and surrogate standard in each 
calibration solution . Use Equation 429-17 and the data obtained during initial calibration 
(7.3.7) or continuing calibration-(7.4.1). 

A, X Qi, 429-17RRF, � = 
A. X Q

IS I 

'Nbere: 

A5 = Area of the response for characteristic ions of the unlabelled analyte or 
surrogate standard (Tables 11 or l lA, 13, and 14). 

~s = · Area of the response for characteristic ions of the appropriate internal standard 
(Tables 11 or l lA, 13, and 14). 
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Q5 = � Amount of the unlabelled P AH calibration analyte or surrogate 3tandard 
injected on to GC column, ng. 

Qis = � Amount of the appropriate internal standard injected on to GC cohunn, ng. 

9.1.2 RRF for Determination oflntern..J Standard Recovery 

Calculate RRFis according to Equation 429-18, using data obtained"from the analysis of the 
calibration standards. 

A.
IS 

X Qrs 429-18
RRFis = 

·Where: 

~ = Area of the response for characteristic ions of the appropriate recovery standa:d 
(Tables 11 or l lA, 13, and 14). 

On = Amount of the appropriate recovery standard injected on to GC colUiilll., ng. 

9.1.3 RRF for Determination ofAlternate Standard Recovery 

Calculate RRFas according to Equation 429-19, using data obtained from the analysis of the 
calibration st2lldards. 

429-19RRFas = 

Where: 

Area of the response for characteristic ions of the alternate standard A85 = �
(Tables 13 and 14). �

Qas = � Amount of alternate standard injected on ta the GC column, ng. 

9.1.4 Mean Relative Response Factors (ll"R:F) 

Calculate the mean RRF for each target unlabelled P AH, surrogate standard., internal standard 
and alternate standard using Equation 429-20 and the RRFs calculated according to Sections 
9.1.1, 9.1.2, and 9.1.3. 

I � 429-20RRF � = L
D 

(RRF)i 
n j.. 1 

Where: 
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RRFi = � RRF calculated for calibration solution "i" using one of Equations 429-17, 
429-18 or 429-19. 

n = � The number ofdata points derived from the calibration. The minimum 
requirement is a five-point calibration (Section 7.2.3, Tables 5 and 6 or 6A) 

9.1.5 � Percent Relative Standard Deviation (¾RSD) ofRelative Response Factors 

Use Equation 429-21 to calculate the relative standard deviation of the Relative Response 
Factors for each analyte. 

SD 429-21¾RSD = X 100% �
RRF �

Where: 

'RXF" = � Mean relative response factor of a given analyte as defined in 
Sections 7. 7.1.4 and 9.1.4. 

SD = � The sample standard deviation of the relative response factors used to 
calculate the mean RRF. 

I 

9.1.6: � Continuing Calibration 6RRF 

Use Equation 429-22 to calculate 6RRF, the relative percent difference (RPD) between the daily 
RRF and the mean RRF calculated during initial calibration. 

RRF - RRF 429-22~RRF = . C 
X 100% 

Where: 

RRFc = � The RRF of a given ana1yte obtained from the continuing calibration 
(Section 7.4). 
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9.1. 7 Percent Recovery of Internal Standard., l\s 

Calculate the percent recovery, ~s for each internal standard in the sample extra.:!. 1~in~ 
Equation 429-23. 

R
IS 

= 
Ars 

A' X Q
IS rs 

X RRF. X
IS 

Q.
IS 

X 100% 429-23 

Where: 

"R:R:ris = Mean relative response factor for internal standard (Equatiol!s 429-18 and 
429-20). 

9.1.8 Percent Recovery of Surrogate Standard., Rs., 

Calculate the percent recovery, ~ for each surrogate standard in the sample extract, using 
Equation 429-24. 

Rss = 
Ass X Qis 

X 100% 429-24 

Where: 

A
55 

= Area of the response for characteristic ions of the surrogate standard 
(Tables 13 and 14). 

Q
55 

= Amount of the surrogate standard added to resin cartridge before sampling, 
ng. 

"PJIT"
5 

= Mean relative response factor for surrogate standard (Equations 429-17 and 
429-20). 

9.1. 9 Percent Recovery of Alternate Standard, ~ 

Calculate the percent recovery, ~ for the alternate standard in the sample extract. using 
Equation 429-25. 

Ras = 

Where: 

Ars 

Aas X Qrs 

X RRF as X Qas 
X 100% 429-25 

- 1 

. J 
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~as = � Mean relative response factor for alternate standard (Equations 429-19 and 
429-20). 

9.1.10 � Mass of the TargetAnalytes and Surrogate Standards in �
Emissions Sample or Blank Train �

Use Equation 429-26 w·determine the total mass ofeach PAH compound or surrogate standard 
in the sample: ~· 

Report the PQL (9.1.11) for those analytes that were not present at levels higher than the PQL 
provided to the tester prior to testing (2.3.3). 

Q. X A 
M = IS Sl -� 429-26 

A. X RRF 
IS 

Where: 

M = Mass (ng) of surrogate standard (M.) or target analyte (MJ detected in the 
sample. 

Qis = Amount of internal standard or surrogate standard added to each sample. 

A5 = Area of the response for characteristic ions of the unlabelled analyte or 
surrogate standard (Tables 13 and 14). 

Ais = Area of the response for characteristic ions ofthe appropriate internal 
standard (Tables 13, and 14). 

'RltF'" = Mean relative response factor of a given analyte calculated a.s required by 
Sections 7. 7.1.4 and 9.1.4. 

9.1.11 � Analyti:al Reporting Limit 

The analy~t shall report the PQL (Section 2.3.3) for those analytes that were not present in the 
emissions sample or blank train at levels higher than the pre-test estimate of the PQL 

9.2 TESTER'S CALCULATIONS 

9.2.1 � Sample/Blank Train P AH Mass Ratio 

Use Equation 429-27 to calculate the sample/blank train mass ratio for each PAH detected at 
levels above the MDL in both the field sample and the blank train. 

429-27RATIO 

Where: 
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= � Mass of target PAH analyte detected in the sampling train 
(Equaticn 429-26). 

M8r = Mass of the same PAH anal)te detected in the blank train. 

If the sample to blank ~ain PAH mass ratio is less than five, calculate the reporting limit for the 
tested source as required by Section 9.2.4.2. Do not calculate Mc (Section 9.2.2) or Mc (Section 
9.2.3) for the emissions report 

9.2.2 � PAH Concentration in Emissions 

Use Equation 429-28 to calculate the concentration in the emissions of 1) the PAH analytes 
detected in t!le sampling train but not in the blank train, and 2) the PAH analytes that satisfy the 
minimum sample to blank train mass ratio required by Section 9 .2.1. 

Mt 1 429-28 = X 
0.028317Vm(std) 

Where: 
Mc = Concentration of PAH in the gas, ng/dscm, corrected to standard couditions 

of20°C, 760 mm Hg (68°F, 29.92 in. Hg) on dry basis. 

~ = � Mass of PAH compound in gas sample, ng (Equation 429-26) 

Vm(std) = � Volume of gas sample measured by the dry gas meter, corrected to standard 
conditions, dscf (Equation 429-10) · 

0.028317 � = Factor for converting dscfto dscm. 

9.2.3 � PAH Mass Emission Rate 

Use Equation 429-29 to calculate the mass emission rate for each P AH compound that satisfies 
the minimum sample/blank train PAH mass ratio (Section 9.2.1). · -

Qstd 429-30= X -- 
60 

Where: 

= Mass emission rate for PAH analyte, ng/second 

= Mass of PAH compound in the gas sample, ng (Equation 429-26) 
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Qstd = Average stack gas dry volumetric flow rate corrected to standard 
conditions, dscf/min. 

60 = Factor for converting minutes to seconds 

9.2.~ Source Reporting Limit 
: ~ ., . 

9.2.4.1 PAH Not Detected in Either Sampling or Blank Train 

Use Equation 429-30 or 429-31 to calculate the reporting limit for those analytcs that were 
not detected at levels above the PQL in either the sampling or blank train. 

PQL 1 429-30RLCS = X 
0.028317Vm<std) 

PQL 429-31RLes = 
V mCstd) 

Where: 

Ries = Reporting limit for the tested source, (ng/dscm), corrected to standard 
conditions of20°C, 760 mm Hg (68°F, 29-92 in. Hg) on dry basis. 

Ries = Reporting limit for the tested source, (ng/sec.). 

0. 0283 I7 = Factor for converting dscf to dscm. 

60 = Factor for converting minutes to seconds. 

9.2.4.2 PAH Detected in Blank Train and Sample/Blank Train Ratio <5 

If the sam;:,le to blank train PAH mass ratio is less than five, then Equation 429-32 or 429
33 shall be used to calculate the reporting limit for that PAH. 

5 x MST 1 429-32RLc1, = X 
0.028317Vm<std) 

5 x MST Qstd 429-33RLeb = X 60Vm<std) 

'J...he!'e: �
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Rlc1:, = � Reporting limit for the tested source, (ng/dscm), corrected to standard 
conditions of20°C, 760 mm Hg (68°F, 29-92 in Hg) ...ii .-:lr:, b:i-sis. 

Rlcb = � Reporting limit for the tested source, (ng/sec.). 

-= � The total mass of that PAH analyte in the field;.,;~ ... ..;....
: ~ , 

10 	 REPORTING REQUIREMENTS 

The source test protocol must contain all the sampling and analytical data required by Sections 2.2 to 2.5, 
4.2.1.1, and 4.2.2.4, as well as the information listed in Sections 10.1 and 10.2 that pertain to 
identification and quantitation of the samples. 

The emissions test report must contain all of the sampling and analytical data necessary to calculate 
emissions values for the target analytes or to demonstrate satisfactory performance of the method. 

The end user or reviewer should be able to obtain from the source test report all information necessary to 
recalculate all reported test method results or to verify that all required p(OCedures were performed. 

Any deviations from the procedures described in this method must be documented in the analytical and 
sampling report. 

10.1 SOURCE TEST PROTOCOL 

At a minimum, the source test protocol must include all of the data required by Section 2.2 and the 
information listed in Sections 10.1.1 through 10.1.4. 

10.1.1 � Preparation of Filters 

A. � Manufacturer's lot number for the batch of filters to be used in the test 

B. � Contamination check of filter (Section 4.2.1.1) 

(i) � Date of cleaning. 
(ii) � Date of P AH analysis. 
(iii) � Table ofresults ofPAH analysis required by Section 4.2.1. The analytical report 

must include all of the data listed in Section 10.2. 

C. � Storage conditions prior to the test (4.3.3) 

10.1.2 � Preparation ofXAD-2 resin 

A. � ID for the batch to be used in the test The sanie batch must be used for the sampling train 
and the laboratory QC samples. 

B. � Contamination check of resin (Sections 4.2.2.1 to 4.2.2.4) 

(i) � Date of cleaning. ..I (ii) � Date of P AH analysis. 

' l 
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(iii) � ·Table ofresults ofPAH analysis required by Section 4.2.2.4. The analytical repon 
must include all of the data listed in Section 10.2. 

C. � Addition ofsurrogate standards to the resin cartridge . 
.. ~ . 

(i) � Amount of ~ach compound. 
(ii) � Date ofspiking. 

D. Storage conditions prior to the test (Section 4.3.3) 

10.1.3 � Method Detection Limits and Practical Quantitation Limits 

The MDL and PQL for each target analyte determined as required by Sections 2.3.2 zmd 2.3.3. 

r. 

r 
I 10.1.4 Target Sampling Parameters 
l 

A. Source target concentration ofeach emitted P AH ofinterest 

r �
B. Results ofcalculations required by Sections 2.5.2 to 2.5.5. �

Figure 9 shows the minimum required calculations of target sampling parameters. �
l. 

10.2: LABORATORY REPORT 

The analyst must generate a laboratory report for each pre-test analysis of the sampling media 
(Sections 2.3, 4.2.2.1, and 4.2.2.4) and each post-test analysis of the sampling trains and laboratory 
QC samples. 

A minimum of 7 post-test analyses arc required to determine the emissions from the source and to 
document the quality of the emissions data. These are the analyses of three sampling runs, one blank 
train, one laboratory method blank and two laboratory control samples. l 
At a minimum, any report (data package) from the analyst to the tester shall contain the information 
lis>..ed in Sections 10.2.1 to 10.2.6 pertaining to identification and PAH quantitation of ali sampies 

10.-2.1 � Five-point Initial Calibration 

The report of the results of the initial five-point calibration must include the data listed in A, B, 
andCbelow: 

A. M~ chromatograms for each initial calibration solution that show at a minimum• 

(i) � Icstrument ID, 
(ii) laboratory sample ID on each chromatogram. 
1,..uJ date and time of GC/MS analysis, 
(iv) � mass of monitored ions for each compound in the calibration solution · unlabelled 

PAH, internal standard, surrogate standard, alternate standard and recovery standard, 
(v) � retention time for each compound in the calibration solution, and 
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(vi)· � either peak height or area of the signals observed for the monitored ion massf':s. 

B. � A summary table of the data obtained for eac!l initial calibration sclution tkt sb0ws a~ a 
muumum: �

.. ' �
(i) � Instrument ID, 
(ii) � laboratory sample ID, 
(iii) � date and time of GC/MS analysis, 
(iv) � retention time for each compound - unlabelled PAH, internal standard, surrogate 

standard, alternate standard and recovery standard, 
(v) � relative retention time for each unlabelled P AH, 
(vi) � either peak height or area of the signals observed for the monitored ion masses, 
(vii) � the relative response factors for each unlabelled PAH, internal standard, surrogate 

standard, and alternate standard, and 
(viii) �analyst's signarure 

Figure I4A is an example of a summary table that contains the minimum required information 
for the analysis of a single calibration solution. 

C. � A summary table that shows at a minimum: 

(i) � Instrument ID, 
(ii) � the date and time of the GC/MS analysis, 
(iii) � the relative response factor (RRF) calculated for each unlabelled PAH, internal 

standard, surrogate standard, and alternate standard in each calibration solution, 
(iv) � the average relative response factor (R:R:F) calculated for the five point calibration, 
(v) � the relative standard deviation of the relative response factors, and 
(vi) � the recovery of each internal standard in percent 

Figure 14B is an example of a report that contains the minimum required information for a five 
point calibration summary. 

10.2.2 Continuing Calibration 

The report of tbP results of a continuing calibration must include the data listed in 10.2.2 A, B, 
andC below: 

A. � Mass chromatogram that shows at a minimum the information listed in 10.2.1 A. 

B. � A summary table of the raw data obtained for the continuing calibration that shows at a 
minimum, the information listed in 10.2.1 B. 

C. � A summary table that shows at a minimum: 

(i) � the relative response factor (RRF) for each unlabelled P AH, internal stindard, 
surrogate standard, and alternate standard in the continuing calibration solution, 

(ii) � the average relative response factor (RIU') for each compound calculated for the five 
point calibration, 
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(iii) � ·ARRF for each unlabelled P AH. internal standard, surrogate standard, and alternate 
standard in the continuing calibration solution., 

(iv) � the recovery of each internal standard in percent 

Figure l 4C is an e~ple ofa summary report that contains the minimum information required 
by Section 10.2.2C fo~_-the analysis of the continuing calibration solution. 

10.2.3 Laboratory Method Blank 

The laboratory report of the results ofthe analysis of the method blank must include at a 
minimum the data listed in 10.2.3 A, B, and C below: 

A. � Mass chromatograms that show at a minimum the information listed in 10.2.1 A. 

B. � A summary table ofthe data obtained for each method blank that shows at a minimum, the 
information listed in 10.2.5 B. 

C. � A summary table that reports the same data as listed in 10.2.5 C below. 

10.2.4 Laboratory Control Samples 

The report of the results of the analysis of the :LCS samples must include at a minimum the data 
listed in 10.2.4 A, B, and C below: 

A. � Mass chromatograms that show at a minimum the information listed in 10.2.1 A. 

B. � A summary table of the raw data for each sample that shows at a minimum, the informati:--"J 
listed in 10.2.1 B, and in addition: 

(i) � Client's sample ID 
(ii) � mass ofeach analyte, 
(iii) � the recovery of each internal standard, and alternate standard, 

Figure 16A is an example of a summary table that contains the minimum information required 
by 10.2.4 B. 

C. � A summary table that reports for the two LCS analyses: 

(i) -� client's sample ID, 
(ii) � sample matrix description., 
(iii) � date ofcleaning of the XAD-2 resin, 
(iv) � lot number for the resin (resin for all field samples and QA samples must come from 

the same lot), 
(v) � date ofextraction ofLCS samples, 

Figur: 15A is an example of a summary table that contains the minimum information required 
by 10.2.4 C. 
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10.2.5 Emissions Samples 

Toe report of the results of the analyses of the three sampling trains and the blank train mu'>t 
include the data listed in 10.2.5 A, B, and C below: 

A. � Mass chromatograms that show at a minimum the information listed in 10.2. l A, and in 
addition, 

(i) � client's sample ID 

B. � A summary table of the data for the analysis of each sample that shows at a minimum, the 
information listed in 10.2.1 B, and in addition, · 

(i) � client's sample ID 
(ii) � Date of five point initial calibration (ICAL) 
(iii) � ICAL ID, 
(iv) � mass of each analyte, 
(v) � _. the recovery of each internal standard, alternate standard and surrogate standards in 

percent 

Figure 16A is an example of a summary table that contains the minimum information req11 ired 
by 10.2.5 B. 

C. � A summary table that reports: 

(i) � client's sample ID (from a chain of custody record submitted by the tester), 
(ii) � sample matrix description, 
(iii) � date of cleaning of the XAD-2 resin, 
(iv) � lot number for the resin (resin for all field samples and QA samples must come from 

the same lot), 
(v) � date of submittal of the tester's samples 
(vi) � date of extraction of samples, 
(vii) � Initial calibration Run ID, 
(vi.ii) � Continuing calibration ID 

Figure 16B is an example of a summary table that contains the minimum information required 
by 10.2.5C. 

10.2.6 Data Flags 

The laboratory report must include an explanation of any qualifiers that are used to indicate 
specific qualities of the data. · 

10.3 E:MISSIONS TEST REPORT 

The emissions test report should include narrative that describes how th~ test was done. The .tester's 
report must also include all the appropriate sections used in a report from a Method 5 test such as a 
description of the plant process, sampling port locations, control equipment, fuel being used, general 
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plant load conditions during the test (description of plant production equipment problems, etc.), and 
anything else ·necessary to characterize the condition being tested. 

I The tester's report must also include all of the information listed in Sections 10.3.1 to 10.3.4. 

, 10.3.1 Tester's Summary of.Analytical Results 

The tester must summarize the results of the minimum seven analyses required for each source 
test At a minimum, the summary must contain the information listed in Figure 17A including 
all data flags. 

The tester must obtain the detailed analytical results (Section 10.2) from the laboratory and 
include them in the appendices as required below. 

10.3.2 Field Data Summary 

The report from the tester to the end user must contain a field data summary. This summary 
must include at a minimum a table of the results of the calculations required by Section 4.5. as

I well as the values which were used to calculate the reported results. Figure 17B is an example of 
a field data summary that contains the minimum required information. 

10.3.3 PAH Emissions Resultsl. 
Figure l 7C show the calculations of the concentrations and mass emission rates of the target 
PAH. The reviewer should be able to use the data in Figures 17A and 17B to check the1 calculations in Figure 17C. The reviewer should also be able to check the appendix to the report 
to determine the accuracy and the quality ofthe data summarized by the tester in Figures 17A

• and 17B.I 
J 

10.3.4 Apper..dix to the Emissions Test Report 

At a minimum, the following raw data or signed copies must be included in an appendix to the 
emissions test report. 

A. Record of data for sample site selection and minimum number of traverse points. 

B. Moisture determination for isokinetic settings.
l 

C. Velocity traverse data. 

D. Gas analysis for determination of molecular weight1 
E. Calibration records. 

F. M~thod 429 sampling run sheets. 

G. PAH laboratory reports listed in Section 10.2 
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The information listed above is to be considered as the minimum that should be included to 

characterize a given operating condition. The end user or the executive offcer m,y re'}tlire 
additional information for any given project 
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TABLE 1 

METHOD 429 TARGET ANALYTES 

.[. � . 

Naphthalene 

2-Methylnaphthalene

I: Acenaphthene 

Acenaphthylene 

[~ � Fluorene 

Phenantbrcne 

Anthracenel 
I. � Fluoranthene �

Pyrene 

Benzo(a)anthracene 

! � Chrysene 

Benz.o(b)fluoranthene 

Benz.o(k)fluoranthenel. 
' 

Benzo(e)pyrcne 

Benzo(a)pyrene 

Perylene 

Indeno(1,2,3-cd)pyrene 

Dibenz(a,h)anthracene 

Bcnzo(ghi)perylene 
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TABLE2 �

PRACTICAL QUANTITATION LIMITS FOR TARGETPAHs �

Naphthalene 

2-Methylnaphthalene 

Acenaphthene 

Accnaphthylene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

B~nzo(a)anthracene 

Chrysene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Benzo( e )pyrene 

Benzo( a)pyrene 

Peiylene 

Inden<?(!.2,3-cd)pyrene 

Dibenz( a,h)anthracene 

Benzo(ghi)perylene 

LRMS 
{µg/sample) 

244 

1.25 

0.210 

0.104 

0.207 

0.85 

0.146 

0.346 

0.191 

0.167 

0.272 

1.119 

0.738 

0.146 

0.191 

0.143 

0.798 

0.465 

0.305 

480 

66 

5.0 

5.0 

16.5 

22 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

HRMS 
{ng/sample) 

370 

19 

5.0 

5.0 

5.5 

14 

5.0 

5.0 

5.0 

5.0 

5.C 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 
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TABLE3 
PAH ANALYSIS BY HRMS OF DIFFERENT LOTS OF CLEANED RESIN 

CONCENTRATION (ng/sample) 

SAMPLE IDENTIFICATIONPAH ANAl YTES 

.N,phthal,~..... ····-·-·r.;~-·j__2~:··+··,::·-··I····,::--.r-,~ .).A~O..J.A:20 --~-A:60 _JA:70 --~A:~....J.A~O.....A~:.-···J.A:~.-···· 
................................................................... .................,·················-f·················'·················J.................J.................~................. ..................,.................1................ ................. ................. �
2-Mcthylnaphthalene·····-·-- l.......6S ...... _ ..32 .....J.......38 ....J...... 15.6 ..J.......32 .....1....... 15.6 J.......32 .....J.......26 ............ 19 .....L....45 ........... 1.s ••_ ...... 32 ·-·· ...... 48...... 

. Accn1phthylcne·······-··-·-· ......<s.o_ ......<s.o··l··..··<s.o..J......<5.'l.J......<5.o.J......<5.o ........ <5.oJ.....<s.o........ <5.o ........ <5.o ........ <s.o....... <S.o ....... <.5.o .. 

.Acenaphthenc............................... <s.o ....... <5.o ........ <5.o . .f.....<s.o.. 1......<5.o.. ·.....<s.o ........ <5.o ..J_.....<s.o....... <5.o ........ <s.o........<s.o....... <~,o ....... <.s.o .. 

1Fluorene............................._ ....... 16.S ......... 9.8··1·..····13 .....J......<s.o........... 5.7 ........... s.4 ........... 7.4··j··· ..- S.8 . ......... 5.s .. ....... 10_ .. ......... s.s .. .........6:8 . .........s.o .. 
Phenanthrenc········-··-·-·.J....... 22 ............ '6····· .......32 ....J.....<12.s· J....... 14 ............ 14.s.J ....... 16............ 12 ........... 14 ........... .24 ........... .13 ......... <13.o• .......14...... 

.Anthracene··-····-·-·-·..-· .......:..s.o . ......<s.oJ.....<s.o.J......<s.oJ.....<s.o........<s.oJ.....<s.o .J......<s.o ....... <s.o........<s.o........<s.o.J......<s.o.. ·- <S.o .. 

z Fluoranthenc < S.O < S.O j' < 5.0 I < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < S.O < S.O 
' ········-····················-·-·---· ··--········· ................. ·-················-·············· -····-···-···· ................... ·········-····· ············-·· --··········· ..........•...... ·-············ ................. --··-········ �
"'U1 
0 -:::.),_____ ·--:::--: ::- ·--·:::.L:::- ---:::- ·--·:: :-· -· -:::- ·---:::- ···-:::- ··-:::- ·---:::- ··-::::- ·--:-::-........................................._ ..................................................J................................................................................... J................................................... ··----.................... �

Chryscnc··..·--·---.......... < s.o .·· <S.o ..l.....< s.o ..L...<s.o..J.... <S.o........<s.o.. ......< s.o ........ < s.o J.._< s.o ........ <s.o . ......<s.o . ......< s.o ....... < .s.o .. �

.Benzo(b)fluoranthenc__j_ <S.0. _ <S.O·+-· <S.O J.....< S.oJ_ <S.o.. ......<s.o....... <S.O ....... <5.0 -j· < S.oJ.....<S.O ...... <S.O ....... < S.o .. ..... <.5.0 .. �

.Bcnzo(k)fluoran~ ..... ·-·<S:o . ..... <S.o.J......<s.oJ_...<s.oJ.....<s.o........<s.o ....... <5.o J__.<s.o....~..<s.o..J······<5.o ........ <s.o........<s.o··l·- <S.o .. �

.Bcmo<e)pymae··----·· ......<s.o.. ......<s.oJ.....<s.oJ.... <s.o.J......<s.o.J......<s.o.. ......<s.o..l_....<s.o··l·-·-<s.o ........ <5.o ........ <s.o........<s.o....... <s.o ..�

::>PY----- ---:::.-:::+-:::+-:::--L:::- ----: ::-- ---:::-t---·:::- ---:::-1...-: ::-- -····:·::-f--:::+·: : :
,...no(,.,.3-<d_·--~---<,..+··-<,..·r-<5.0-····-·< S.O.L..< , . .-· ...•<S.O-t-···:,..-~---< s.o·l·.... < s.o..J < 5.0 < 5.0 < s.o < 5.0 

····························· ·. -..................1.................•.................J ••••.•.•••••••••• J...............J................. ·················1·············-··1················· ................. t-................1.................j.................i................ �
:::~:::-····+·-:::+ :::+ :::+--:::+-:::+---:::-r--:::+---:::+-: ::--i------:::t---:::·r·-:::-i--·-:::-

• 5 x the concentr11tion of the lowest c11lihr11tion st11ndftrrl 
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TABLE 4 �

CO:MPOSITION OF THE SAMPLE SPIKING SOLUTIONS �

Concentration 

Spiking ng/µl pg/µl �
Solutions Analytes LRMS HRMS �

1. Surro~ate Standards 

dio-Fluorene 1.0 250 �
du-Terphenyl 1.0 250 �

2. Internal Standards 

d8-Napbthalene 1.0 100 �
d10-2-M~thylnaphthalene 1.0 100 �
d8-Acenaphthylene 1.0 100 �
dio-Phenanthrene 1.0 100 �
d10-Fluoranthene 1.0 100 �
d12-Benzo(a)anthracene 1.0 100 �
d12-Chryscne 1.0 100 �
d12-Benzo(b)fluoranthene 1.0 200 �
d12·Benzo(k)fluoranthene 1.0 200 �
d12-Benzo(a)pyrene 1.0 200 �
d12-Perylene 1.0 200 �
d12-Indeno( 1.2,3,c-d)pyrene 1.0 200 �
d14-Dibenz(a,h)anthracene 1.0 200 �
d1rBenzo(ghi)peryJene 1.0 200 �

3. Alternate Standard 

dio-Anthracene 1.0 100 �

4. Recovery Standards 

d1o·Acenaphthene 20.0 2000 �
dio-Pyrene 20.0 2000 �
d12-benzo(e)pyrene 20.0 2000 �

J 
l 

-1 
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TABLE4A �

COMPOSITION OF ALTERNATIVE SAMPLE SPIKING SOLUTIONS �

Spiking 
Solutions 

IA. 

lA. 

3A. 

.. 
4A.I 

I 
- - - - -· - -- 

:~ r 

AnaJytes 

Surrogate Standards 

d12·Benzo{C)pyrene 
d14-Terphcnyl 

Internal Standards 

dg-Napbthalene 
-dg-Accnapbthylene 
d10-Acenaphthenc 
d10-Fluorcne 
d10-Phenanthrene 
d10-Fluoranthenc 
d12-Benzo(a)anthracene 
d12-Chrysenc · 
d12-Benzo(b)fluoranthene 
d12-Benzo(k)fluoranthcne 
d12-Benzo(a)pyrcne 
d12-Indeno(l.2,3,c-d)pyrcne 
d14-Dibenz(a,h)anthracenc 
d12-Benzo(ghi)perylene 

Alternate Standard 

d10-Antbracene 

Recovery Standards 

d10-2-Methylnaphthalene 
d10-Pyrcne 
d12-Perylene 

· Concentration 

pg/µl 
HRMS 

250 
250 

100 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 
200 

100 

2000 
2000 
2000 
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TABLE 5 

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STAl\TDARD �
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMI ff...Y �

Calibratign S1andards 

Naphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrenc 
Benzo( a)anthracene 
Chryscnc 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo( e )pyrene 
Benzo(a)pyrcne 
Perylene 
Indeno(l ,2,3<d)pj-Tene 
Dibenz(a,h)anthracene 
Benzo(ghi)perylene 

Internal Standards 

dg-Naphthalene 
d10-2-Methy lnaphthalcne 
dg-Acenaphthylene 
d10-Phenanthrene 
d10-Fluoranthenc 
d1i-Benzo(a)anthracenc 
d12-Chryscne 
d1rBenzo(b )fluoranthene 
d12-Benzo(k)fluoranthene 
d12-Benzo(a)pyrcne 
d12-Perylene 
d12-Indeno(1.2,3,c-d)pyrene 
d14-Dibenz(a,h)anthracene 
dq-Benzo(ghi)perylene 

July 28, 1997 

1 

0.25 
0.25 
0.25 . 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

N-253 �
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5 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 .l 
1.0 
1.0 
1.0 l1.0 
1.0 

-1 
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2 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Solution 

3 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

4 �

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
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TABLE 5 (CONT) 

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD 
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMETRY 

CONCENTRATIONS CngtuL) 

Solutions 

1 2 3 4 5 

Surro&ate Standards 

d10-Fluorene 1.0 1.0 1.0 1.0 1.0 
d14-Terphenyl 1.0 1.0 1.0 1.0 1.0 

Alternate Standard 

d10-Anthracene 1.0 1.0 1.0 1.0 1.0 

Recovery Standards 

d10-Acenaphthene 1.0 1.0 1.0 1.0 1.0 
d10-Pyrene 1.0 1.0 1.0 1.0 1.0 
d1i-benzo( e )pyrene 1.0 1.0 1.0 1.0 1.0 
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TABLE 6 �

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD 
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY �

Soluti9ns 

1 2 3 4 5 

C1liln:ati2n StiY!dards 

Naphthalene 10 50 100 200 500 
2-Methylnaphthalene 10 50 100 200 500 
Acenaphthylene 10 50 100 200 500 
Acenaphthene 10 50 100 200 500 
Fluorene 10 so 100 200 500 
Phenanthrene 10 so 100 200 500 
Anthracene 10 so 100 200 500 
Fluoranthene 10 50 100 200 500 
Pyrene 10 50 100 200 500 

-Benzo(a)anthracene 10 50 100 200 500 
Cb.Jysene 10 50 100 200 500 
Benzo(b)fluoranthene 10 50 100 - 200 500 
Benzo(k)fluoranthene 10 50 100 200 500 
Benzo(e)pyrene 10 50 100 200 500 
Benzo(a)pyrene 10 50 100 200 500 
Perylene 10 50 100 200 500 
Indeno( 1,2,3-cd)pyrene 10 50 100 200 500 
Dibenz(a,b)anthracene 10 50 100 200 500 
Benzo(ghi)perylene 10 50 100 200 500 

Internal Standards 

d8-Naphthalene 100 100 100 100 100 
dgMethy!naphthalene 100 100 100 100 100 
dg-Acenapbthylene 100 100 100 100 100 
dw-Phenanthrene 100 100 100 100 100 
d10-Fluoranthene 100 100 100 100 100 
d12-Benzo(a)anthracene 100 100 100 100 100 
d12-Cbrysene 100 100 100 100 100 
d12-Benzo(b)fluoranthene 200 200 200 200 200 
d12-Benzo(k)fluoranthene 200 200 200 200 200 
d12-Benzo(a)pyrene 200 200 200 200 200 
d12-Perylene 200 200 200 200 200 
d12-Indeno{l,2,3,c-d)pyrene 200 200 ·200 200 200 
d14-Dibcnz(a,h)anthraccne 200 200 200 200 200 
d1rBenzo(ghi)perylene 200 200 200 200 200 
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TABLE 6 (CON'!) �

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD �
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY �

CONCENTRATIONS fpg/µL} 

Solutions 
1 2 3 4 5 

Surro23te Standards 

d10-Fluorene 100 100 100 100 100 
d1..,-Terpbenyl 100 100 100 100 100 

Alternate Standard 

d10-Anthracene 100 100 100 100 100 

Recoveo: Standards 

d10-Acenaphthene 200 200 200 200 200 
d10-Pyrcne 200 200 200 200 200 
d12-benzo(e)pyrene 200 200 200 200 200 
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TABLE6A 

CONCENTRATIONS OF PAHs IN ALTERNATNE WORKING GC/MS CALIBRATION �
STANDARD SOLUTIONS FOR rllGH RESOLUTION MASS SPECTROI,iETR':.' �

Calibrathm Stimtfards 

Naphthalene 
2-Methylnaphthalene 
Accnaphthylene 
Acenaphthene 
Fluorcne 
Pbenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Cruysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(ghi)perylene 

Internal St@dards 

d8-Naphthalene 
d8-Acenapbthylene 
d10-Accnaphthene 
d10-Fluorene 
d1c,Phenanthrene 
d10-Fluoranthene 
d12-Benzo(a)anthracene 
d12-Chrysene 
d1rBenzo(b)fluoranthene 
d1rBenzo(k)fluoranthene 
d12-Benzo(a)pyrene 
d12-Indeno(l,2,3,c-d)pyrene 
d14-Dibenz(a,h)anthracene 
d1 2-Benzo(ghi)perylene 

July 28, 1997 
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10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

100 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 
200 

N-257 �
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Solutions 

2 3 4 5 

50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 5CO 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 
50 100 200 500 

100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
100 100 100 100 
200 200 200 200 
200 200 200 200 
200 200 200 200 
200 200 . 200 200 
200 200 200 200 
200 200 200 200 
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TABLE 6A (CONn 

CONCENTRATIONS OF PAHs IN ALTERNATNE WORKING GC/MS CALIBRATION 
STANDARD SOLtmONS FOR HIGH RESOLUTION MASS SPECTROMETRY 

,. CONCENTRATIONS <pgJuL} 

l �
l So1utions �

1 2 3 4 5 


Surrogate Standardsf 
d12-benzo(e)pyrcne 100 100 100 100 100 �
d14-Tcrphenyl 100 100 100 100 100 �

Alternate Standard 

d10-Anthracene 100 100 100 100 100 �

Recovery Standards · 

d10-2-Methylnaphthalcne 200 200 200 200 200 �
d10-Pyrene 200 200 200 200 200 �
d1rPcrylene 200 200 200 200 200 �

, 

I �
' 
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TABLE 7 �

SPIKE LEVELS FOR LABELLED STANDA..'RJ)S �

Time of 
Addition 

Before 
sampling 

Before 
extraction 

Before 
extraction 

Before 
GC/MS 

Surr2~1te St1ndi!r~b 

d10-Fluorene 
d14-Terphenyl 

Internal Standards 

dg-Naphthalene 
d10-2-Mcthylnaphthalene 
dg-Acenaphthylene 
d10-Phenanthrene 
d10-Fluoranthene 
d12-Bcnzo(a)anthracene 
d12-Chrysene 
d12-Bcnzo(b )fluoranthene 
d12-Bcnzo(d)fluoranthene 
d1rBenzo(a)pyrene 
d12-Perylene 
d1rlndeno( 1.2,3,c:.d)pyrene 
d14-Dibenz(a.h)anthracene 
d12-Bcnzo(ghi)perylene 

Alternate Stand1rd 

d10-Anthracene 

BetQveo: St1mdaq;h 

d10-Acenaphthene 
d10-Pyrene 
d12-benzo(e)pyrene 

LRMS 
(µg/sample) 

2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

1.0 
1.0 
1.0 

~------
~V(: 

(nglsample) 

500 
500 

200 
200 
200 
2GO 
200 
200 
200 
400 
400 

-400 
400 
400 
400 
400 

200 

100 
100 
100 

J 
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TABLE7A 

SPIKE LEVELS FOR LABELLED STANDARDS FORALTERNATNE HRMS SPIKING SCHEME 

Time of 
Addition 

Before 
sampling 

Before 
extraction 

I �

I �
Before 
extraction 

Before 
GC/MS 

AnaJyte·
:•. ., 

Surrogate Standards 

Internal Standards 

cfs-Naphthalene 
cfs-Acenaphthylene 
d10-Acenapbthcne 
d10-Fluorene 
d10-Phenanthrene 
d10-Fluoranthene 
d12-Benzo(a)anthracene 

-Chrysene __d12
d12-Benzo(b)fluoranthene 
d12-Benzo(d)fluoranthene 
d12-Benzo(a)pyrene 
d12-Indeno(l.2,3,c-d)pyrene 
d14-Dibcnz(a,h)anthracene 
d12..Benzo(gbi)perylcne 

Alternate Standard 

Recovery Standards 

d10-2-Metbylnaphthalene 
d10-Pyrene �
d12-Perylene �

HRMS 
(ng/sample) 

500 
500 

200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 

200 

100 
100 
100 
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TABLE 8 �

TARGET CONCENTRATIONS FOR LABELLED STANDARDS TN SAMPLE FXTR.~CT1 �

. ' 

Surro~ate Standards 

d10-Fluorene �
Terphenyl�d14

Internal Standards 

dg-Naphthalene 
d10-2-Methylnaphthalene 
d8-Acenaphthylene 
d10-Phenanthrene 
d10-Fluoranthene 
d1rBenzo(a)anthracene 
d12-Chrysene 
d12-Benzo(b )fluoranthene 
d12-Benzo(k)fluoranthene 
d12-Benzo( a)pyrene 
d12-Perylene 
d12-Indcno(l,2,3,c-d)pyrene 
d14-Dibenz(a.h)anthracene 
d12-Benzo(ghi)perylene 

Alternate Standard 

drn-Anthracene 

Recovery Standards 

dwAcenaphthene 
d10-Pyrene 
d12-bcnzo(e)pyrene 

1 Assuming 100 percent recovery. 

ng/µl 
LRMS 

2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1.0 

1.0 
1.0 
1.0 

500 
soo 

200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 
400 

200 

200 
200 
200 
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,. 
l. TABLE8A 

l �
I . �
I �
I �
I �

TARGET CONCENTRATIONS FOR LABELLED STANDARDS IN SAMPLE EXTRACT �
OBTAINED WITH ALTERNATNE HRMS SPIKING SCHEME1 �

·o: • 

Surro23te Standards 

d12-benzo(c)pyrene 
d149Terphenyl 

Internal Standards 

d8-Naphthalene 
d8-Acenaphthylcne 
dio-Acenaphthene 
d10-Fluorcne 
dio-Phenanthrene 
dio-Fluoranthcne 
d12-Bcnzo(a)anthraccne 
d12-Chryscne 
d12-Bcnzo(b)fluoranthene 
d12-Bcnzo(k)fluoranthene 
d12-Bcnzo(a)pyrene 
d1i-Indeno(l,2,3,c-d)pyrene 
d14-Dibcnz(a,b)anthracene 
d12-Bcnzo(ghi)perylene 

Alternate Standard 

~overy Standards 

d10-2-Methylnapbthalene 
dr0-Pyrcne 
d12-Perylene 

1 Assuming 100 percent recovery. 

pglµl 
HRMS 

soo 
500 

200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 

200 

200 
200 
200 
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TABLE 9 �

CONCENTRATIONS OF COMPOUNDS IN LABORATORY CONTROL SPIKE SAMPLE �

:• " 

Unlabelled Compounds 

Naphthalene 

2-Methylnaphthalene 

Accnaphthylene 

Acenaphthene 
Fluorene 
Phenanthrene 

Anthracene 
Fluoranthene 
Pyrene 
Benzo( a)anthracene 

Chryscne 
Benzo(b )fluoranthene · 
Benzo(k)fluoranthene 
Benzo( e )pyrene 
Benzo(a)pyrene 

Perylene 
Indeno(1,2,3,c-d)pyrene 
Dibenz( a,h)anthraccne 
Benzo(ghi)peryJene 

Alternate Standard 

d10-Anthracene 

LRMS 

2.0 

2.0 

2.0 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 

2.0 

ng/saniple 

HR.MS 

1000 

200 

200 

200 

200 
500 

200 
200 
200 

200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
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TABLElO �

RECOMMENDED GAS CHROMATOGRAPmc OPERATING �
CONDITIONS FOR PAH ANALYSIS 

Column Type 

Length (m) 

ID(mm) �

Film Thickness (µm) �

Helium Linear Velocity (cm/sec) 

Injection mode 

Splitless Time (sec) 

Initial T emperaturc (°C) 

Initial Time (min) 

Program Rate (°C/min) 

Final Temperature (°C) 

Final Hold Time 

Injector Temperature (°C) 

DB-5 

30 

0.25 

0.32 

30 

Splitless 

30 

45 

4 

8 

300 

until bcnzo(ghi) 
perylene has eluted 

320 
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TABLE 11 

ASSIGNMENTS OF INTERNAL STANDARDS FOR CALCULATION er RRF~ �
AND QUANTITATION OF TARGET PAHs AND SURROGATE STAlfilARDS �

Analyte 

Unlabeled PAH 

Napbthalenc 

2-Methylnapbthalene 

Acenaphthylene 

Acenaphthcne 

Fluorene 

Phenantbrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo( a)anthracene 

Cbrysene 

Bcnzo(b )fluoranthene 

Benzo(k)fluoranthene 

Benzo( e )pyrene 

Benzo(a)pyrene 

Perylene 

Indeno( l .2,3<d)pyrene 

Dibenz(a.,h)anthracene 

Benzo(ghi)pcrylene 

Surrogate Standards 
d10-Fluorene 

d14-Terphenyl 

Internal Standards 

dg-Napbthalene 

d10-2-Methylnapbthalene 

dg-Acenapbtbylene 

dg-Acenapbthylene 

d10-Pbenanthrene 

d10-Phenanthren~ 

d10-Phenanthrene 

d10-Fluoranthene 

d109Fluoranthene 

d1rBenzo( a)anthracene 

d12-Chrysene 

d12·Benzo(b)fluoranthene 

d1rBenzo(k)fluoranthene 

d12-Benzo(a)pyrene 

d12-Benzo(a)pyrene 

d12-Perylene 

-d1i-Indeno(l,2,3,c-d)pyrene 

d14-Dibenz(a,h)anthracene 

d12-Benzo(ghi)perylene 

d10-Phenanthrene 

d10-Fluoranthene 
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TABLE llA 

ASSIGNMENTS OF INTERNAL STANDARDS FOR CALCULATION OF RRFs 
AND QUANTITATION OF TARGET PAHs AND SURROGATE STANDARDS[ USING ALTERNATIVE HRMS SPIKING SCHEME 

r 
I. Unlabeled PAH 

I Naphthalene 

2-Methy !naphthalene 

f Acenaphthylene
l Acenaphthene 

Fluorene 
J 

Phenanthrene' 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthcne 

Benzo( e )pyrene 

Benzo(a)pyrene 

'Perylen_e 

Indeno( 1,2.3-cd)pyrene 

Dibenz( a.h)anthracene 

Benzo(ghi)pery lene 

Surro2ate Standards 
d14-Terphenyl 

rl ~.:-~"'nzo( e )pyrene 

July 28, 1997 
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Internal Standards 

d8-Naphthalene 

d10-Acenaphthene 

d8-Acenaphthylene 

d10-Acenaphthene 

d10-Fluorene 

d10-Phenanthrene 

d1o-Phenanthrene 

d10-Fluoranthene 

d10-Fluoranthene 

d12-Benzo(a)anthracene 

d12-Chrysene 

d12-Benzo(b)fluoranthene 

d12-Benzo(k)fluoranthene 

d12-Benzo(a)pyrene 

d12-Benzo(a)pyrene 

d12-Benzo(a)pyrene 

d12-Indeno(l.2,3,c-d)pyrene 

d14-Dibenz(a.h)anthracene 

d12-Benzo(ghi)perylene 

d10-Fluoranthene 

d12-Benzo( a)pyrene 
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TABLE 12 �

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETER..\ITNATlO~ �
OF PERCENT RECOVERIES OF INTERNAL STANDARDS AND �

THE ALTERNATE STANDARD �

Analyte Recovery Standard 

Internal Standards 

d8-Naphthalcnc d1o-Acenaphthene 

d10 -2-Mcthylnaphthalene d10-Acenaphthene 

dg-Accnaphthylcne d10-Acenaphthene 

d109Pbenanthrenc d10-Pyrcne 

d10-F1uoranthene d10-Pyrcne 

d12-Bcnzo(a)anthracene d10-Pyrcne 

d12-Chrysene d10-fyrene 

d12-Benzo(b )fluoranthene d12-Bcnz.o(e)pyrene 

d12 • Bcnzo(k)fluoranthene d12·Bcnz.o(CW)TCDC 

d12-Benzo( a )pyrene d12-Bcnz.o(e)pyrene 

d12-Perylene d1r Benzo(e )pyrene 

d12-Indeno(l,2,3,c-d)pyrcne d12-Bcnzo(e)pyrcne 

dwDibenz(a,b)anthracene . d1r Bcnz.o(e)pyrene 

d1rBenzo(gbi)perylene d1rBcnzo( e )pyrene 

Alternate Standard 

d1o·Anthraccne d10-Pyrcne 
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[ � TABLE 12A �

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMINATION OF �
PERCENT RECOVERIES OF INTERNAL STANDARDS AND THE ALTERNATE �

STANDARD USING ALTERNATIVE HRMS SPIKING SCHEME �

I � Analyte 

L Internal Standards 

d8-Naphthalene
l 

d10 -2-Methylnaphthalene 

I ds-Acenaphthylene 

d10-Phenanthrene

I 
d109Fluoranthene 

f. d1i-Benzo(a)anthracene 

I � d12-Bcnzo(b)fluoranthene 

d1r Benzo(k)fluoranthene 

d1i-Benzo(a)pyrene 

d1r Indeno( 1),3,c-d)pyrene 

d14-Dibenz(a,h)anthracene 

d12-Bcnzo(ghi)perylene 

1 � Alternate Standard 
l . 

dio-Anthracene 

Recovery Standard 

d10-2-Methylnaphthalene 

d10-2-Methylnaphthalene 

d10-2-Methylnaphthalene 

d1o·Pyrene 

d12-Perylene 

d12-Perylene 

d12-Perylene 

July 28, 1997 � M-429 Page 90 

N-?68 



TABLE 13 �

QUANTITATION AND CONFIRMATION IONS FOR SELECTED �
ION MONITORING OF PAHs BY HRGC/LRJv1S 

Quant. Confirm. 
Analyte Ion Ion 

Naphthalene 128 127 �
dg-Naphthalene 136 68 �

2-Methylnaphthalene 142 141 �
d10-2-Methylnaphthalene 152 �

Acenaphthylene 152 153 �
d8-Acenaphthylene 160 �

Acenaphthene 154 153 �
d10-Acenaphthene 164 �

Fluorene 166 165 �
d10-Fluorene 176 �

Phenanthrene 178 176 �
d10-Phenanthrene 188 94 �

Anthracene 178 176 �
d109Anthracene 188 94 �

Fluoranthene 202 101 �
d10-Fluoranthene 212 106 �

Pyrene 202 101 �
d10-Pyrene 212 106 �

Benz.o(a)anthracene 228 114 �
d1i-Benzo(a)anthraccne 240 120 �

Chrysene 228 114 �
d1i-Chrysene 240 120 �

d14-Terphenyl 244 122 �

%Relative 
Abundance of 
Confirm. Ion 

10 �
80 �

80 �

15 �

86 �

80 �

15 �

15 �

15 �

15 �

15 �

15 �

15 �

j 
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[ � TABLE 13 (CONT) 

QUANTITATION AND CONFIRMATION IONS FOR SELECTED 

L � ION MONITORING OF PAHs BY HRGC/LRMS 

.. . Quant Confum. %Relative 
-r Analyte Ion Ion � Abundance of 

Confirm. Ion 

L 
Bcnz.o(b)fluoranthene 252 126 25 

J_ d12-Benzo(b)fluoranthene 264 132 

Benzo(k)fluoranthene 252 126 25 
d12-Benzo(k)fluoranthene 264 132 

Benzo(e)pyrene 252 126 25 
d12-Benzo(e)pyrene 264 132 

Benzo(a)pyrcne 252 126 25 
d12-Benzo(a)pyrene 264 132 

Perylene 252 126 26 
d12-Perylene 264 132 

Indeno( l ,2,3~d)pyrcne 276 138 28 
d1,:-Indeno(l).,3-cd)pyrcne 288 

DibeD.7.(ab)anth:acene 278 139 24 
d14-Dibenz(ah)anthraccne 292 

Benzo(gb.i)pcrylene 276 138 3i 
d12-Benzo(ghi)perylene 288 
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TABLE14 �

MASS DESCRIPTORS USED FOR SELECTED ION MONITORING FOR HRGC!Fl'.MS �

Descriptor Analyte �
No. Type �

Naphthalene 
PFK 

da-Naphthalene 
2-Methylnaphthalene 

d rn-2-Me~r lnaphthalene 
AcenaphthyJene 

da-Acenaphthylene 
Acenaphthene 

d109Acenaphthene 
PFK 

Fluorcne 
d109Fluorene 

Phenanthrene 
d109Phenanthrene 

Anthracene 
d109Anthracene 

Fluoranthene 
d109Fluc,ranthene 

Pyrene 

PFK 
d10-Pyrene 

Benz.a(a )anthracene 
d12-Benzo-a-Anthraccne 

Chiysene 
d12-Cruyscne 

PFK 
d14-Terphenyl 

...IS Internal Standard �
ss = Surrogate Standard �
AS = Alternate Standard �
RS = Recovery Standard �
LOCK= Lock-Mass Ion �
QC = Quality Control Check Ion �

July 28, 1997 
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Ion 
m/z 

M 
LOCK 

IS 

M 
IS 

M 

IS 

M 
·RS 
QC 

M 
ss 
M 

IS 
M 
AS 
M 
IS 
M 
QC 
RS 
M 
IS 
M 
IS 
LOCK 
ss 

A~c-nr~t~ 

128.0626 
130.9920 

136.1128 
142.0782 

152.1410 
152.0626 

160.1128 

154.on2 

164.1410 
169.9888 

166.0782 

176.1410 
178.0782 
188.1410 
178.0782 
188.1410 
202.0782 
212.1410 
202.0782 
204.9888 
212.1410 
228.0939 
240.1692 
228.0939 
240.1692 
230.9856 
244.1974 

- ' \ 
f 

l 

1 
J 

J 
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TABLE 14 (CONT) �

MASS DESCRIPTORS USED FOR SELECTED ION MONITORING FOR HRGCIHRMS �

Descriptor Analyte �
No. Type_, �

3 Peiylcne 
d12-Perylene 

PFK 
Bcnzo(b)fluoranthene 

d12-Bcnzo(b)fluoranthene 
Benzo(k)fluoranthcnc 

d12-Bcnzo-k-fluoranthene 
Bcnzo(e)pyrcne 

d1r Bcnzo(e)pyrenc 
Benzo(a)pyrcnc 

Cl; 
d12-Benzo(a)pyrenc 

Benzo(ghi)peiylenc 
d 1r8enzo(ghi)peiylenc 

Indeno( 1,2,3~)pyrenc 
d12-Indeno(l,2,3-cd)pyrenc 

Dibenzo(ah)anthracene 
PFK 

d14-Dibenzo(ah)anthracenc 

The following nuclidic masses were used: 

H = 1.007825 2H = 2.014102 

IS = Internal Standard 
SS = Surrogate Standard 
AS = Alternate Standard 
RS = Recovery Standard 
LOCK = Lock-Mass Ion 
QC -= Quality Control Check Ion 

Ion Accurate 
m/z 

M 252.0939 
IS 264.1692 
QC 268.9824 

M 252.0939 

IS 264.1692 
M 252.0939 

IS 264.1692 

M 252.0939 

RS 264.1692 

M 252.0939 

IS 264.1692 

M 276.0939 

IS 288.1692 
M 276.0939 

IS 288.1692 

M 278.1096 

LOCK 280.9824 
IS 292.1974 

C= 12.000000 
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FIGURE I 

METHOD 42° FLOWCHART 
~4034 

§ 1.3.9 The end u&er I! Identified Te&ter perfonn&: �
§1.3.10 The te&ter I& de&lgnated §4.3. I I calibration of equipment �

JS � 41 

The end u&er choo&e&: � Te&ter write&: 
§2.1.1. � I source target concentration 1§2.2 I pre-test protocol ·I 

36 � 42 

§2.1.2 The te&ter &elect& ana/y&t with documented Te&ter perfonn&: �
§8.4 experience In &atl&factory performance ofanalytical §4.4.1 I preliminary field sampling dctcnninatipn~' �
§8.4.1 procedure& §4.4.2 I sampling train preparation �

§4.4.3 � I leak-checks37 
§4.4.4 � I sampling procedure 

Te&ter and laboratory coordinate: I 2 3 sampling runs �
§4.3.2 .1 pre-test cleaning of glassware � I 2 1 blank sampling train 

I pre-test cleaning, contamination checks, andz §5 I recovery of all runs and blank sampling train 
N ' §4.3.3 storage of sampling materials and reagents r··,....., 

§4.3.4 � I pq,aratioo of filter, sorbent cartridges, method blanks, and I<,J � 43 
LCS � r 

Te&ter deliver&: 
38 � I recovered sampling runs and blank train(s)tr·J5.4 I chain ofcustody record Te&ter nque&t! pre-te,t analytical re&u/u from laboratory: 
§10.1.1 I contamination chock of filters 44 �
§10.1.2 I contamination check of XAD-2 resin � laboratory perfonns: 
§10.1.3 � I Method detection limits (MDLs) and I extraction of field samples 

Practical quantitation limits (PQLs) ~§1 I analyses 
§8 I QNQC procedures 

I chain of custody39 u;I0.2 I reporting requirements 
Te&ter calculate& and plam: �

§2.5 I 2 3 sampling runs and 2 I blank sampling train 45 �
I sample volume � Te&ter perfonns:
I sampling time I post-test calibrations lli31I source reporting limit 9.2 I r,alc,ulations
I chain of custody §1'.J.3 � I date recording and chain of custody 

I reporting requirements 
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L �

r �
{ �

I �
I �
1 �

f 

[ �

l �

( 

( �

----------- Oven 

Cyclone (Optional) 

Heated Probe, Filter Assembly 
S-type Pitot 

& Temp. Sensor - Transfer Line 

CondenserStack@ 
Wall§ (water cooled} 

Check 
/ Valve 

Temp. �
Readout �

Pitot �
Manometer �

lmpingers in Ice Bath: 
Buffer Solution in #1 & #2 

Thermocouple 

Orifice 

Dry Gas 
Meter 

Orifice 
Manometer 

#3 Empty 
Silica Gel in #4 

Bypass�
Valve �

Pump 

Figure 2 �

PAH Sampling Train �
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'< 
N 

-\0 
\0 

00 

I~ ~1---l 
137 cml !To Sult 

~ 
N ..... 8 mm Glass XAD-2 Glass Sintered<J1 Water Jacket 

Coollng. Coll Disk 

Condenser Sorbent Trap 

Figure 3 �

a:: Condenser and Sorbent Trap for Collection �
tJ 
J,. of Gaseous PAHs'°"ti... 
~ 

~ 


• ..._,____,,,.___. ---- ' 



Loose Weave Nylon[_ 
Fabric Cover~ 

10.2 cm (4.) 
Pyrex Pipe

l 
Liquid Take Off 

i 0.95 cm (3/8·) 
/Tubing 

l 
Liquid Nitrogen 

Cylinder 
Heat Source(150L) 

Fine Screen 

Figure 4 

XAD-2 Fluidized Bed Drying Apparatus 

July 28, 1997 M-429 Page 98 

N-276 




----

----------

FIGURE 5 �

METHOD 429 FIELD DATA RECORD 

Run No. ______ �
Location ______ �
Date _______ 
Operator______ 
Meter Box No. ____ 
Local Time 
Start/Stop. _____ 

AH@ ______ 

Stack Diameter ______ �
Meter Box Calibration �
Factor(Y) _____ �

Sampling Clock 
z Point Time 
' N....., 

....., 

Start 

Pitot Tube Factor _______ 
Probe Tip Dia, in. _______ 
Probe Length ________ 
Sampling Train Leak Test Leak Rate 
Before ___ in. Hg cu.fl/min 
After ___ in. Hg ___ cu. fl/min 
Leak-Check Volume _____cu. ft. 
Pitot Tube Leak-Check 
Before ___ After ___ 

Dry Gas Meter, PitotAP Orifice AH 
cu, ft. in. H 0. "H202

Desired Actual 

I 

Project No. __________ �

Plant Name �
Ambient Temp °F ________ �
MeterTemp°F _________ �
Bar. Press, "Hg _________ �
Stack Press, "H 0 ________�

2
Assumed Moisture,% _______ �
Heater Box Setting, °F _______ �
Probe Heater Setting, °F _____ �
Assumed M.W. (wet¾) _________ �
Assumed M.W. (dry%) ___, .......,...____ �

Temperature (°F) Pump 
Vacuum 

lrnpinger Filter box Stack in. Hg 

-I 
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Figure 6 �

Recovery of PAH Sampling Train �

Rl'III wltl known volnnt: Rl"lse Wlfl known voklme: cap
1.acetone 1.acetone 
2. methylsne cf!lortde 2. methylene chlot1de 
3.hexane 3. hexane 

z Nozzle and fn,nt hll Faer
Probe Lnr taer holder' ~ ...., 

00 

Cantal"ler Contlnr Container Resin 
No.1 No.2 ( No.3 ) cartJttge 

Mark llll_illd IML Store ·at 4'C Mark l<luld 1ML Store at 4'C or lower 
Store at ~ or lower or lower away Store at 4'C or lower away from llaht 

away from llaht from IIQht away from llllht 

A. Tare weigh Contal"ler 14 
B. Decant conten1s of 

lmp.-,gers Into tared 
Contsiler #4 

Container 
No.4 

C. Welah Contahlr 14 
D. Marl< llukf IML 

Store at 4'C or lower 
away from ~ht 

Rinse wlh known wbne: 
1.acetone 
2. methylene chlortde 
3.hll>Cll11 

Contal"ler 
No.5 

Mat1( lqukf lfflL 
Store at 4'C or lower 
away from IIQht , 

A. Tare weigh
cartrtrtdg11 wlltt 
111taa11 

B, Weigh after 
sampltlg 

Sltlglll
cartridge 

Recyclll 
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Figure 7 �

Flow Chart for Sampling, Extraction and Cleanup for �

Determination of PAH in aSplit Sample �

Surrogate Standards 
Added to XAD-2 Resin 

Sampling 

Teflon rv¼;;'1 S0lvent1 lmpinger 
Alter ~ Rinses Rinses 

..____~11---1Concentrate 

Internal �
Standards �

MeCl2�
Soxhlet Extraction �

IArchive --~---"""" 

Concentrate �
I �
"" Alternate Standard 

Solvent Exchange 

Column Cleanup 

Recovery Standards 

G.C./ Mass Spec. 
1
Containers No. 1and No. 3 

lmpingP.r �
Solution �

Internal �
Standards �

Concentrate 

Alternate Standard 

Solvent Exchange 

Column Cleanup 

Recovery Standards .i 

G.CJ Mass Spec. 
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Figure 8 �
Flow Chart for Sampling, Extraction and Cleanup for �

Determination of PAH in aComposite Sample �

Surrogate Standards 
Added to XAD-2 Resin 

Sampling 

Teflon XAD-2 1 lmpinger lmpinger .SolventFilter Resin Rmses SolutionRinses 1 

----.....1--- Concentrate 

Internal Alternate: 
Standards · Standard· 

f 

'f 
MeCi ,....._____ Combine ,_________i MeCI~

2
Soxhlet Extraction Extracts i Extraction 

Archive-----

Concentrate 

Solvent Exchange 

Column Cleanup 

Reco·.1ery Standards 

1 G.CJ Mass Spec.Co1Ttafners No. 1and No. 3 
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FIGURE9 

EXAMPLE OF PRE-TEST CALCULATIONS FOR PAH EMISSIONS TEST 

PST= 6 hours 
PS'I :-: ; ,~C '1!,.;f 

IPQL STC MSV MST SRL 

(n~sample) (n~dscm) (dscf) (hours) F f (n~dscm) 

Naphthalene ! 2400 <1500 j >S6.5 i >l.89 i NA .---·-·-·-·-·····-·----'-- !-·----- _.____..,____._.__________ 471 _ 
2-M~ylnaphthalene l .. 330 i NA i NA ! NA ! NA ! 64 7 

~apbthylen~~---� ss_.oo i:j ~. 1860 . --0.98-·~ 0.03 ! 183··--·i --o:·98 ...=--=~l-
Acenaphthene l � l 29.4 ! ~.98 l __ 6 J__~...
~n,:~______L_ 83 <6 j >489 >1~] l NA _.l__l6.~.. 

PAnhenanthracthr:11en=--e------::.1-·· 110 j 120 i 32.4 i 1.08 ! 6 · i 21.6 
_ S.O <6 i >29.4 / >0.98 J.... N~. 0.98 .• 

~th-~=--···------1 s.o !- 46 i 3.8 ! 0.13 !___ 47 __..;.__ 0.9~

_Pyrcne·--·--··-·----·- !_ s.o !-~-{- 3.8 i 0.13 !--·-·47 !_ 0.98 
Benzo(a)anthracene ! S.O ! <6. ! >29.4 i.--~~98 L NA ! ~.:~ 
Cmysene S.O i 42 / 4.2 / 0.14 l_~___;___ 0.98 

Benzo(b )fluoran thene S.O SO 3.S : 0.12 ! 51 ! 0.98!:-::.i 

-B-enz-~)fl-uo__ran_~_ene ~~=---5-.0- so i 3.5 r--on·-s1_T__Q.98-
Benzo(e)pyrene � S.O NA NA NA NA 0.98 ~·-----� - -------·-Benzo(a)pyrene � S.O : <6 • >29.4 >0.98 NA 0.98~-··-------..--·-··· 
Perylene � 5.0 NA -NA NA NA 0.98~------..----------..------� -
Indeno(l,2,3-c,d)pyrene ! 5.0 <6 >29.4 >0.98 NA 0.98 

i- ------·-···---··---·------·
Dibenzo(a,h)anthracene : 5.0 <6 >29.4 >0.98 NA 0.98 

i-- ---·---·--·--..- ..-·- • 

Benzo(g,h.i)perylene � 5.0 <6 >29.4 >0.98 NA 0.98 

Average Volumetric Sampling Rate (VSR) = 0.5 dscfm = 30 dscf/br 

PQL = Practical quantitation limit for analyte (based on pre-test analysis ofXAD-2 resin) 
STC = Source target concentration for analytc. (From previous emissions test Samples were analy?.Cd by 

HRGC/LRMS). 
MSV = Minimum sample volume required to collect detectable levels of target analyte. 

(MSV =PQL + STC) Equation 429-1 
MST = Minimum sample time required to collect detectable Jevels of target analytc at VSR. 

{MST= MSV + VSR) Equation 429-2 
PST - Planned sampling time (6 hours chosen as the longest practical sampling time for the planned emissions 

test) 
PSV = Planned sample volume (PSV = PST x VSR) Equation 429-4 
F = Safety factor(>1) that allows for deviation from ideal sampling and analytical conditions. (F = PSV + MSV) 

Equation 429-5 
SRL = � Source reporting limit if the target analyte cannot be detected with the planned test parameters. (SRL = PQL 

+ PSV) � · Equation 429-7 
NA � This calculation is not applicable either because there is no STC value available or the STC is a detection 

limit 

PSV is lower than the MSV. Therefore, the analytc is not expected to be detected if it is present at the target 
concentrations. It will only be detected if the actual concentration is higher' than the indicated SRL. 
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FIGURE 10 �

r CARB METHOD 429 (P AHs) SAMPLING TRAIN SET-UP RECORD 

r 
L 

RUNNO. 
PLANT NAME 
SET-UPDATE 
RECE!\TED BY 

PROJECT NO. 
PLANT LOCATION 
SET-UP BY 
DA'IEtTIME 

r 1. 

COMPONENTS 

NOZZLE 

COMPONENT IP OTHER INFORMATION 
Material. 

l 
L 

2. PROBE 

Diameter 

Liner material 

r 
l. 

.. 
i 
l 

3. Fil.TERHOLDER 

Length 

Before set-up, all 
.openings sealed with 

F iltcr support type 

4. Fn.TER Lot# Filter Type 

Size 

Contamination check? 

5. TRANSFER LINE 
AND CONDENSER Transfer line material 

Fittings 

6. XAD-2RES1N 
C.:ARTRIDGE 

Both ends sealed in 
lab prior to set-up 

Fittings 

Contamination check? 

Spiked? 

7. IMPINGERS: No l 
TJ-Connectcr 

Charge with 100 ml. 
impinger solution and weigh 

No.2 
U-ConnectC\r 

Charge with 100 mL 
impinger solution and weigh g 

No.3 
U-Connector Weigh empty g 

8. SILCAGEL 
CARTRIDGE 

Appearance 

Tare weight g 
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FIGURE 11 �

CARB METHOD 429 (PAl-Is) SAMPLING TRA1N RECOVERY RECORD �

RUN NO. � PROJECT NO. �
PLANT NAME PLANT LOCATION �
RECOVERY DATE RECOVERED BY �

1. � CHECK whether opening, were covered. :RIKSE 31. each with Acetone, MeC'2, Hex.:..:~. �
MARK liquid level and STORE containers at temp. <4°C away from light. �

Openings Rinse VO}JlIDe (ml,) Storage 
Component covered? Acetone MeCI:z- Hexane Containe-rfs) IDs 
Nozzle 
Probe liner 
Filter holder front 

l. � STORE fllter(s) at temp. <4°C away from light. RECORD ALL sample storage information. 
Storage Storage 

Component Awearance after sampling · <Temperature & light) Containensl ID 
Filter 
Filter 
Filter 

J. � CHECK whether opening, were covered. RINSE 31. each 'With Acetone, MeC'2, Hexane. 
MARK liquid level and STORE containers at temp. <4°C away from light. 

Openings Rinse vollmle (mL) Storage Storage 
Component covered? Acetone ~ 2- Hexane Temp. & light Container ID 
Filter support and 
filter holder back �
Transfer line �
Condenser �

4. � STORE Resin cartridges at temp. <4°C away from light. RECORD ALL storage information. 

ID � Appearance after sampling Storage temperature & ljght conditions 

5. � WEIGH impinger contents and silica gel cartridge. 
MARK liquid level and STORE impinger contents at temp. <4°C away from light. 

Additional impingers Silica gel 
Weight No. I No.2 No. 3 No. 4 No. 5 cartridge 

Final (g) 
Before sampling (g) 
Gain (g) (A) __ (B)__ (C)__ (D).___ (E).___ (F)___ 

_______(g)· Total condensate (A)+ (B) + (C) + (D) + (E) + (F) 

STORAGE CONTAINER ID(s) 

6. � RINSE lmpingers 31. each with Acetone, MeC!i, Hexane. 
MARK liquid level and STORE i.mpinger rinses at temp. <4°C away from light. 

Rinse volumes (ml.) Acetone �
MeC!i �
Hexane �

STORAGE CONTAINER ID(s) �
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L FIGURE 12 

CHAIN OF CUSTODY SAMPLE RECORD 


L Start: _________Project#________ Date:_____ 
Stop: _________ 
Sample/Rwi # : _____Source name: _______,;~-------

Sampling location: ________________ Sample type: ______ 
Chain of Custody Log Record# (s) _______ Operator: ______ 

SAMPLE STORAGE INFORMATION 

SAMPLE PRESERVATION Comments
'- Ice/Dry ice?
i 

CHAIN OF CUSTODY 

ACTION DATE TIME GNENBY TAKEN BY 

\ 

: 

RELATED DESCRIPTION/COMMENTS Log#s 
IDs �

FR Front rinse (noule, probe.filter bolder front) �

F Filter in sealed storage container �
'Ql) Back rinse (filter sum,ort. filter holder. samnle line & condenser�---~-- -·--·-· . - - - . 
C Resin cartridge 

I Impinger contentsr,m-u 
lmpingcr rinses 
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FIGURE 13 �

CHAIN OF CUSTODY LOG RECORD �

PROJECT NO. _______ Page of-- ---

Log# Sample Date .. Time Comments Given by Taken by 

ID 

\ 

·. 

Sample Identifier Sample Description 

FR Rins.::s of probe and front half of filter holder 
F Filter in sealed storage container 
BR Rinses of filter support, back half offilter bolder, sample transfer line and condenser 
C Aluminum foil wrapped, capped resin cartridge 
I Impinger contents 
IR Impinger rinses 
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FIGURE 14A 

EXAMPLE GC/MS SUMMARY REPORT (HRMS)FORINITIAL CALIBRATION SOLUTION #1 
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS 

ICAL ID: ST1120Al ACQUIRED: 12/3/94 16:23:24 INSTRUME1'.'T: w 
RUN#: PAHCSI PROCESSED: 12/3/94 OPERATOR: MPA 

RT RRT Area RRF... 
Naphthalene 8:20 1.006 6.66 E-+07 0.75 �

2-Metbylnaphthalcne 9:42 1.007 1.44 E-+07 1.30 �

Acenaphtbylene 11:04 1.003 1.57 E-+07 1.44 �

Acenaphthene 11 :20 1.004 1.05 E-+07 0.94 �

Flu0rene 12:06 1.003 8.15 E+o6 1.05 �

Pbcnanthrene 13:20 1.003 1.99 E-+07 1.15 �

Anthracene 13:23 1.001 7.07E+o6 1.02 �

Fluorantbene 14:38 1.001 3.18 E-+07 1.26 �

Pyrene 14:55 1.00] 3.31 E-+07 1.31 �
Benzo(a )anthracene 16:34 1.002 2.08 E-+07 1.13 �
Cbrysene 16:39 1.003 2.26 E-+07 1.13 �
Benzo(b)fluoranthene 18:54 1.004 2.35 E-+07 1.69 �
Benzo(k)fluoranthene 18:58 1.004 2.SOE-+07 1.24 �
Benzo(e)pyrene 19:42 1.004 2.41 E-+07 1.20 �
Benzo( a )pyrene 19:51 1.003 2.11 E-+07 1.07 �
Perylene 20:06 1.004 1.38 E-+07 0.70 �
lndeno(l ,2,3-c,d)pyren~ 23:60 1.006 2.07 E-+07 2.19 �
Dibenzo( a,h)anthracene 24:01 1.006 1.49 E-+07 1.66 �
Benzo(g.h,i)perylene 25:15 1.005 1.84 E-+07 2.23 �

da-Naphthalene 8:17 1.000 3.54 E-+08 4.22 �
d8-Acenaphthylene 11 :02 1.000 1.09 E-+08 1.29 �
dio-Acenaphthene 11 :17 1.000 1.11 E-+08 1.32 �
d 10-Fluorene 12:04 1.000 7.78 E-+07 0.93 �
dio-Phenanthrene 13:18 1.000 6.92 E-+07 0.82 �
dwFluoranthene 14:37 1.000 2.53 E-+08 1.03 �
d12-Benzo( a )anthr£?cene 16:32 1.000 1.83 E-+08 0.75 �
d1rChrysene 16:36 1.000 2.00 E-+08 0.82 �
d1rBenzo(L)fluoranthene 18:50 1.000 2.77 E-+08 1.35 �
d1r Benzo(k)fluorant.11ene 18:54 1.000 4.03 E-+08 1.95 �
d 12-Benzo(a)pyrene 19:47 1.000 3.93 E-+08 1.91 �
d1rlndeno(l ,2,3-c,d)pyrene 23:52 1.000 1.89 E-+08 0.92 �
d1,-Dibenzo(a,.h)anthracenc 23:52 1.000 1.80 E-+08 0.87 �
d1rBcw..o(g,.h.i)pc:rylene 25:07 1.000 1.65 E-+08 0.80 �

du-Terphcnyl 14:59 2.65 E-+08 0.52 
d12-Bcnzo(e)pyrene 19:37 1.000 1.44 E-+08 0.37 

d10-P.nthracenc 13:22 1.000 5.82E-+07 0.69 

dio-2-Methylnaphthalenc 9:38 1.000 8.40 E-+07 ., n-.... « 14:54 1.000 2.45 E-+08 �
d12-Perylene 20:01 1.000 1.03 E-+08 �
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FlGURE 14B 

EXAMPLE OF INITIAL CALIBRATION (ICAL) RRF SUM!viARY �
CALIFORNIA AIR RESOURCES BOARD MEIBOD 429 POLYCYCLIC AROMATIC HYDROCARBONS �

ICAL ID ST! 120 ACQUIRED: 3-DEC-94 INSTRUMENT 
.., 
n 

RUN#: NA PROCESSED: 3-DEC-94 OPERATOR: MFA 
,,, ___ 

Mirr! ~ -.... 1~\oJ. "-' ~lRF #4 RRF#5 Mear. 
RRF 

Naphthalene 0.75 '• 0.66 0.61 0.64 0.71 0.67 0.056 8.29% 

2-Methyl.naphthalene 1.30 1.15 1.10 1.12 1.26 1.19 0.089 7.47% 

Acenaphthy Jene 1.44 1.27 1.24 1.28 1.43 1.33 0.096 7.19% 

Acenaphthene 0.94 0.84 0.80 0.83 0.94 0.8i 0.067 7.72% 

Fluorene 1.05 0.94 0.88 0.92 1.07 0.97 0.082 8.43% 

Phenanthrene 1.15 1.06 1.01 1.05 1.23 1.10 0.088 8.00% 

Anthracene 1.02 1.00 0.98 0.95 1.14 1.02 0.074 7.25% 

Fluoranthene l.26 1.15 1.08 1.13 1.28 1.18 0.085 7.21% 

Pyl"C'lle 1.31 1.27 1.13 1.15 1.41 1.25 0.115 9.22% 

Benzo( a )anthracene 1.13 1.05 I.OS 1.04 1.23 I.JO 0.082 7.43¾ 

Chrysene 1.13 1.02 0.97 C.98 1.11 1.04 0.0'73 7.00% 

Benzo(b )fluoranthene 1.69 1.45 1.46 1.42 1.86 1.58 0.194 12.33% 

Benzo(k )fluoranthene 1.24 1.25 1.14 1.18 1.26 1.21 0.052 4.32% 

Benzo(e)pyrene 1.20 1.12 1.06 1.06 1.19 1.12 O.J66 5.89% 
Benzo( a )pyrene 1.07 0.99 0.96 0.96 1.14 1.02 0.080 7.81% 

Perylene 0.70 0.63 0.58 0.60 0.70 0.64 0.059 9.12% 
Indeno( 1,.2,3-c,d)pyrene 2.,9 2.01 1.92 1.99 2.26 2.07 0.143 6.90% 
Dibenzo(a,h)anthracene 1.66 1.60 1.56 1.6 l l.87 l.66 0.122 7.35% 
Benzo(g.h.i)perylene 2.23 2.05 l.96 2.00 2.32 2.11 0.154 7.28% 

dg-Naphthalene 4.22 4.15 4.16 4.18 4.10 4.16 0.044 1.05% 
d8-Acenaphthy Jene 1.29 1.29 1.28 1.27 1:30 1.29 0.012 0.91% 
d10-Aceoaphthene 1.32 1.34 1.32 1.30 1.32 1.32 0.013 1.00% 

dio-Fluorene 0.93 0.95 0.94 0.95 0.95 0.94 0.011 1.21% 

d io-Pbenanthrene 0.82 0.82 0.82 0.86 0.88 0.81 0.026 3.09% 
dio-Fluoranthene 1.03 1.00 1.07 1.07 0.99 1.03 0.038 3.71% 
d12-Benzo(a)anthracene 0.75 0.70 0.70 0.72 0.70 0.71 0.022 3.09% 

d12-Cbrysene 0.82 0.79 0.81 0.83 0.84 0.82 0.021 2.56% 
d12-Benzo(b )fluoranthene 1.35 1.39 1.46 1.27 1.32 1.36 0.072 5.32% 
d12-Benzo(k)fluoranthene l.95 1.95 2.14 1.84 2.11 2.00 0.124 6.23% 
d 12-Benzo(a)pyrene l.91, - l.96 2.11 1.82 1.99 1.% 0.107 5.46% 
d12-Indeno(1,2.3-c,d)pyrene 0.92 0.88 0.98 · 0.85 0.98 0.92 0.059 6.400/o 
d wDibenzo(a,h)anthracene 0.87 0.84 0.91 0.78 0.89 0.86 0.049 5.71% 
d12-Benzo(g,h,i)pery lene 0.80 0.76 0.83 0.73 0.80 0.78 0.042 5.36% 

-
dwTerphenyl 0.52 0.52 0.49 0.48 0.51 0.51 0.018 3.59% 
d12-Benzo( e )pyrcne 0.37 0.37 0.37 0.36 0.36 0.36 0.005 1.50% 

d io-Anthracene 0.69 0.73 0.74 0.80 0.90 0.77 0.080 10.40% 

dio-2-Methylnaphthalene 

dio-Pyrene 
d1z-Pcylene 
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FlGURE 14C �

EXAMPLE OF CONilNUING CALIBRATION (CONCAL) SUMMARY �
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS �

CONCALID: CC1202 ICALID: ST1120 INSTRUMENT: w 
CONCAL DATE: 12/3/94 ICALDATE: 3-DEC-94 OPERATOR: MPA 

: ~ RRF- ICALRRF ~ RPD 
% 

Naphthalene 0.68 0.67 0.01 1.5 
2-Methylnaphthalene 1.42 1.19 0.23 17.6 
Acenaphthylene 1.42 1.33 0.09 6.6 
Acenapbthene 0.91 0.87 0.04 4.5 
Fluorene 0.98 0.97 0.01 1.0 
Pbenantbrcne 1.10 1.10 0.00 0.0 
Anthracene 0.98 1.02 -0.04 4.0 
Fluoranthene 1.12 1.18 -0.06 5.2 
Pyrene 1.18 1.25 ·-0.01 5.8 
Benzo(a )anthraccne 1.08 1.10 -0.02 1.8 
Cbrysene 1.04 1.04 0.00 0.0 
B~)fluoranthene 1.46 1.58 -0.12 7.9 
Benzo(k)fluoranthene 1.12 1.21 -0.09 7.7 
Benzo( e )pyrene 1.04 1.12 -0.08 7.4 
Benzo( a )pyrene 0.95 1.02 -0.07 7.1 
Perylene 0.62 0.64 -0.02 3.2 
lndeno( 1,2,3-c,d)pyrene 2.04 2.07 -0.03 1.5 
Dibenzo( a,.h)anthraccne 1.61 1.66 -0.05 3.1 
Bem:o(g,h,i)perylene 2.11 2.11 0.00 0.0 

d8-Napbthalene 4.78 .1.16 0.68 . 15.3 
d,-Acenapbthylene 1.20 1.29 -0.09 7.2 
dwAcenapb:hl':Oe 1.25 · 1.32 -0.07 5.5 
d10-Fluorene 0.85 0.94 -0.09 10.1 
dwPbenanthrene 0.79 0.81 -0.02 2.5 
d10-Fluoranthene 1.05 1.03 0.02 1.9 
d12-Benzo( a )anthra.cene 0.69 0:71 -0.02 2.9 
d12-Chrysene 0.82 0.82 0.00 0.0 
d12-Benzo(b)fluoranthene 1.24 1.36 -0.12 9.2 
d12-Benzo(k)fluoranthene 1.91 2.00 -0.09 4.6 
d12-Benzo(a)pyrene 1.87 l.96 -0.09 4.7 
d1rlndeno(l ,2,3-c,d)pyrene 0.84 0.92 -0.08 9.1 
d14-Dibc:nzo(a,b)anthracene 0.80 0.86 -0.06 7.2 
c!12-Benzc.(g,h,i)perylene 0.76 0.78 -0.02 2.6 

d14-Terpbenyl o.so 0.51 -0.01 2.0 
d1i-Benzo(e )pyrene 0.37 0.36 0.01 2.7 

d10-.6.nthracene 0.71 0.77 -0.06 8.1 

dw2-Methylnaphthalene 
-

'"'10·~ J .~.-.... 1.000 
d12-Perylene l.000 
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FIGURE ISA. �

EXAlvfi'LE OF SUMMARY REPORT OF LCS RE SUL TS �
CALIFOR..NIA.AIR RESOURCES BOARD MEIBOD 429 POLYCYCLIC AROMATIC HYDROCARBONS �

Client ID CARB 
Lab ID: J4J~ 2a.cs1a,.csz 

Sample Matrix: 
Date Received: 

~ 
_li6__ 

ICAL ID: ~IJiio 
ICALDATE: 1213194 

Rc:sin ;:..ct ti: j,_;;;_J30M 
:.cs IDs: NA 

Instrument: w Date Extracted: I1/30/94 CONCALID: NA LCSDATE: NA 
Vli"'._.or: MfA LQt.e Ana:yzed: ~ CONCAL DATE: ~ 
Reviewer: ICM Sample ~omit ~ Units: NA 

COMPOUND: LCSI LCS2 RPO 
YGR o/GR o/o 

Naphthalene 100 103 3.0 

2-Methylnaphthalene 96 95 1.0 

Acenaphthylene 9S 97 2.1 

Acenaphthene 92 94 2.2 

Fluorene 94 96 2.1 

Phenanthrene 93 94 1.1 

Anthracene 91 89 2.2 
Fluoranthene 90 92 2.2 
Pyrene 87 89 2.3 
Benzo(a )anthracene 87 86 1.2 
Chrysene 83 89 7.0 
Benzo(b )fluoranthene 92 93 1.1 
Benzo(k)fluoranthene 92 95 3.2 
Benzo(e)pyrene 97 99 2.0 
Benzo(a)pyrene 89 92 3.3 
Perylene 89 89 0.0 
lndeno(1,2,3-c,d)pyrene 87 90 3.4 
Dibenzo(a.h)anthracene 88 90 2.2 
Benzo(g,h,i)pery lene 89 91 1.2 
Internal Standards (•/eR) 
d8-Naphtbalene 67 64 
dg-Aceoaphthy lene 73 70 
d 10-Acenaphthene 76 75 

dlO"Fluorene 79 81 

d IO"Phenanthrene 88 93 
d IO"Fluoranthene 84 80 
d12-Benzo( a )anthracene 96 98 

d12·Chrysene 96 91 
d1;z-Benzo(b )fluoranthenc 88 85 
d12-Benzo(k)fluoranthene 85 84 
d12-Benzo(a)pyrcnc 92 90 
d 12-lndeno( 1,2,3-c,d)pyrene 104 105 
d14-Dibenzo(a,h )anthracene 96 96 
d12-Benzo(g,h.,i)perylene 102 103 

Alternate Standard c-J.R) 
d 10-Anthracene 83 85 

- .1 
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FIGURE 158 
LCS RECOVERIES FOR BENZO(a)PYRENE 
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F1GURE 16A 

EXAMPLE GC/MS SlJMIIJARY REPORT (HRMS) FOR SAMPLE RUN #32 �
CALIFORNIA AIR RESOURCES BOARD .MEIBOD 429 POLYCYCLIC AROW..ATIC HYDROCARBONS �

Lab ID: 14129-02 ICAL ID: 12'3/94 16:23:40 Instumf r ~: \I! 

Acquired: 12/3/94 16:23:40 ICAL DATE: 12'3/94 Opmit0r: MFA 
Client ID: M429-32 Reviewer: JCM 

., RT RRT Area RRF Amt (ng) %REC 
. 

·
Naphthalene 8:21 1.053 E+lO 0.67 10,478.37 

2-Methylnaphthalene 9:41 1.790 E+o8 1.19 14-0.98 

Acenaphthylene 11 :03 9.371 E+o8 1.33 712.59 

.Acenaphthene 11:19 7.649 E+06 0.87 8.21 

Fluorcne 12:05 2.417 E+o7 0.97 30.02 

Pbtnanthrcne 13:17 8.402 E+o8 I.IO 925.53 

Anthracene 13:21 2.905 E+o7 1.02 34.54 

Fluoranthene 14:36 S.932 E+o8 l.18 254.36 

Pyrene 14:52 7.611 E+o8 l.25 307.62 

Benzo( a )anthraccne 16:32 3.120 E+06 I.IO 1.9 

Chrysene 16:32 9.620 E+o6 1.04 5.2 

Benzo(b )fluoranthene 18:49 l.030E+o6 1.58 7.6 
Benzo(lc )fluoranthene Not found 0.0 1.21 
Bcnzo( e )pyrene 19:36 1.646 E+o7 1.12 13.61 
Benzo(a)pyrene 19:46 4.936 E+o6 1.02 3.95 
Pcrylenc 20:01 1.823 E+o6 0.64 2.32 
Indeno(1.2,3-c,d)pyrene 23:54 5.728 E+o6 2.07 4.37 
Di~o:zo( a.}i)anthracene 23:56 5.875 E+o5 1.66 0.59 
Bemo(g,h,i)pcry Jene 25:09 1.584 E+o7 2.11 14.95 

d8-Naphtha.1ene 8:18 1.000 4.794 E+-08 1.16 124.92 62.5 

d8-AccnaphthyJene 11:01 1.000 1. 972 E-t-08 1.29 166.07 83.0 

d io-Acenaphthcne 11 :16 1.000 2.142 E-t-08 1.32 176.19 88. l 
-Fluorene 12:02 1.000 1.658 E+o8 0.94 190.71 95.4d10

dwPhcna.nthrene 13:16 1.000 1.652 E+o7 0.81 213.39 106.7 

d io-Fluoranthene 14:34 1.000 3.955 E+o8 1.03 116.22 58.l 

d1i-Benzo(a)anthracene 16:28 1.000 2.835 E+o8 0.7] 121.18 60.6 
d12-Chrysene 16:31 1.000 2.987 E-t-08 0.82 111.08 55.5 

d 12-Benzo(b )fluoranthene 18:45 1.000 3.439 E+o8 1.36 165.79 41.4 

d1i-Benzo(k)fluoranthene 18:50 1.000 4.304E+o8 2.00 141.02 35.3 

d1i-Benzo(a)pyrene 19:41 1.000 4.895 E+o8 l.96 163.67 40.9 

d1rlndeno(l ,2,3-c,d)pyrene 23:46 LOOO 2.529 E-t-08 0.92 179.71 44.9 

d 14-Dibcnzo( a,h)antbraccne 23:45 1.000 2.400E+o8 0.86 182.65 45.7 

d1r Benzo(g.h.,i)peryJene 24:60 1.000 2.006 E+o8 0.78 167.24 41.8 

d 14-Tcrphenyl 14:55 7.988 E+o8 0.51 523 105 

d1i-Benzo{e)pyrene 19:32 1.000 3.011 E+o8 0.36 676.33 135.3 

dio-Antbracene 13:20 1.000 6.795 E+o7 o.n 95.29 47.6 

d io-2-Methylnaphthalene 9:38 1.000 1.844 E+o7 100 

dio-Pyrene 14:51 1.000 6.576E+o8 100 
d 12-Perylene 19:56 1.000 3.057 E+o8 100 
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F1GURE 16B 

EXAMPLE LABOR.A.TORY REPORT OF PAH RESULTS FOR SAMPLE RUN #32 �
CALIFORNIA ":IR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMA TIC HYDROCARBONS �

ClientID M429-32 
bbID: J4129:Q2 
Instrument w 
Operator: Ml:!6 
Reviewer: JCM 

COMPOUND: 

Naphthalene 
2-Metbylnaphtbalene 
Acenaphtbylcne 
Acenaphtbene 
Fluorene 
Pbenantbrene 
Antbracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Cbrysene 
Benzo(b )fluoranthene 
Benzo(k )fluoranthene 
Benzo(e)pyrene 
Benzo( a)pyrene 
Pcrylene 
lndeno( l ,2,3-c,d)pyrene 
Dibeozo( a,h)anthracene 
Bemo(g,h,i)perylcne 

Internal Standards (•/eR) 
d8-N;1phtbalcne 
d8-Acenaphthylene 
dio-Acenapbthene 
d 10-Fluorene 
dio-Pbenanthrenc: 
d io-Fluoranthene 
"112-Benzo( a )anthraccne 
d 12-Chrysene 
d 12-Bc:nzo(b)fluoraz:tbeoe 
d1i-Benzo(k)fluoranthene 
d12-Benz.o(a)pyrene 
d 12-Indeno(l ,2,.J-c,.d)pyrene 
d 14-Dibenzo(a,h)anthra~e 
d12-Benzo(g,.h,.i)perylene 

Alternate St:inda!'"d (~'.R) 
d 10-Anthra.cene 

C:,W'T"('OtP c::,.,.,,1,...r1 (01,.'R' 

du-Terpbenyl 
d12-&.nzo(:)pyrene 

Sample Matrix: Mili_ 
Date Received: l J/J~/94 
Date Extracted: J1(30194 
Date~: ~ 
Sample am~unt ~ 

Cone. 

10478 
141 
712 

8.2 
30 

930 
35 

254 
307 
ND 

6.2 
7.6 

ND 
14 

ND 
ND 
ND 
ND 

15 

62 
83 
88 
95 

107 
58 
61 
56 
41 
35 
41 
45 
46 
42 

48 

105 
135 

ICALID: ~Il 120 
ICALDATE: JUJl94 
CONCALID: ?:!6 
CONCALDATE: ~ 
Units: ng/samp!e 

RL. 

1600 
94 
5.0 
5.0 

27 
80 
5.0 
s.o 
s.o 
S.O 
S.O 
5.0 
5.0 
s.o 
5.0 
5.0 
5.0 
5.0 
5.0 

Resin Lot#: LCJ DOM 
LCSIDs: )4129-LCSJ.'LCS'.2 
LCS DATE: 12/3/94 

Flags 

H 
H 
H 
H 
H 
H 
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Run#: LCS #1 LCS #2 

l!J?.hthalene _____..____________·~-4300_~_10000 : . <1600 . <1700 l 100 . !03 

2-Methylnaphthalene ···-····-· ... ··· ! . < 94 140 i 6400 • i~94 1 <78 i 96 i 9:i 

Acena~hthylene ........ ----- 1 140 710 85000 ~---~...1:.1 !-----~ 5 0 '. 95 i � 97 
. CeD8£_hthcne ···---·-· -----· · .9:~----~-j 500 i < 5.0 :__< 5.0__ J_..J..~.. . 94 . 
Fll.!?~7._.._______ ·27 ! 30 i 180 < 27 i < 27 i 94 i 96 

- Ph~E,:r~~ 310 930 43000 • < 80 i _< 74 i__.2l. i__94__ 

Anthraccne . 26 !L~··: 240Q_~:. 5.~_j___~;Q__j__-2l__j__8_?__FI~~~~~=-----, 83 2 0 16000 • 16 i < 5.o__ l 90 __g__ �
110 310 20000 • 19 < 5.0 _L 87 89 �

]!enzo~~~e < 5.0 < 5.0 170 < 5.0 < 5.0_j__8?. 86 �

Cprysene . < 5.0 6.2 300 < 5.0 ····---< 5.0___i ~1_ 89 �
&nz~Jfluo~~-- < 5.0 7.6 340 < 5.0 i < 5.0 ! 92 93 �
BenzoQ:)fluoranthene_ i < 5.0 < 5.0 . 89 . < 5.0 i < 5.0 ! 92 i 95 �

Benzo(e)p~~- i 35 < 35 i 530 i 6.9 i < 5.0 i 97 99 �
Benzo a2P.Y.!:ene _____ < 5.0 < 5.0 240 < 5.0 l < 5.0 i 89 i 92 �

P~-· <S.O <5.0 110 <5.0 i <5.0 i 89 ! 89 �
Indc:no(l,2,3-c,d).pyrcne --· < 5.0 _;: 5.0 100 < 5.0 j < 5.0 i 87 i 90 �

Di~o_{a,h)anthracene -··--·-' < 5.0 < 5.0 . 6.4 . < 5.0 ! < 5.0 ! 88 ! 90 �
Benzo ,h,i ervlcne i < 85 < 85 i 440 i 17.0 i < 5.0 i 89 i 91 �

66 62 57 • 53 55 67 64-....;-----;-----,------+---.....-----'--.;------.-----1~~~!!..fl:r!~--- __8_2_______8,3 85 • 73 69 . 73 - ; 70 �
~Jo.:~~then,:.________8_5____88_____8o_•_______81 _____i,s - i 7?_ . 75 �

dl0-Fluorcne --··----· 91 95 102 90 ____... 82 __, \_......:?.~..... : ~
d o.·Phc:nan~~= 106 107 79 • 107 93 : 88 : 93 �
~JD.-_Fl_uo_ran__~~.7_______ i~ 58 75 • 83 80___ (-84 :___~Q_ �
<!i2-Benz~)anthracene 1 100 61 108 114 . __93 !__9§___ ! ___iL_ �
d -Cht-vc.o : 91 56 99 102 1 88 i 96 ! 91�.:12::::~~-----·___J---·-~--
~J2"Benzo(b2!}UE.~~~~----l 69 41 H 60 j ~: ! 84 i 88 ! _8_5--1 �

~J&CE.?l!).~,:>~~~e ! 62 35 H 50 86 _____!i_89.. ::: __89_25···- ::1--~90--·· 
dl2-Bc:nz~~vren~--- __70_~__4_1_H__,...___5_8_-.-__ 

d1,-Indeno(l..2.1.~°':£!~~-7____!_ _82_____4_~ HH :____5_8_____1_06 106 __j_JQ4 i I05
1

d -Dibcnzo a,h_)an}hracene ... i 72 42 58 92 92 i 96 . 96 
d -Bem:o ..h.i 84 . 46 H 58 107 104-r-1021-103 

67 48H 115 116 101 83 85 

Test Date 111/15/94 i 11/16/94 111/17/94 · i 11/16/94 iNA !NA !NA �
Date: received lab. !11/18/94 ill/18/94 II 1118194 i11/18/94 iNA !NA iNA �
Date extracted 111/30/94 i11/30/94 i11/30/94 !11/30/94 ! 11/30/94 ! 11/30/94 !l l/3Q/94 �
Date anal ed i 12/3/94 j12/3/94 !12/3/94 !12/3/94 !12/3/94 i12/3/94 i12/3/94 �

"<" denotes that the compound was not detected at levels above the indicated reporting limit 
"H" indicates internal Standard Recovery Results below .SO-lo, but signal-to-noise greater than 10: 1. .1 
••• indicates compounds reanalyzed at 1:50 dilution due to saturation. 
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FIGURE 17B �
FIELD DATA St.JM?vfARY FOR PAH EMISSIONS TEST �

L 
RUN ID 31 32 33 

L � DATE 11-lS-95 11-16-95 11-17-95 

START/STOP TIME � lOlS/1435 1020/1645 0855/1525 

r LOCATION STACK STACK STACK 
S1'ACK DIAMETER 35.5 in. 35.5 in. 35.5 in. 

.. 
NOZZLE DIAMETER 0.310S 0.313 in. 0.3125 in 
METER BOX ID S419 S419 S419 

r 
STANDARD DRY GAS VOLUME VID(Jld) 145.19 235.57 250.76 DSCF(68c F> 

vm 132.65 213.67 228.10 cubic ft 
Pi.r 29.78 29.98 29.88 inches Hgr � AH.,; 1.15 1.35 1.56 ~n;bes H~O 
Tm 60.0 60.0 60.0 
K1 17.64 17.64 17.64 
y 1.08 1.08 1.08 

J 
PERCENT MOISTURE � a_ 12.9 15.0 18.4 pereent 

lmpi111er + tare 2183.3 2092.3 2063 grams 
Final wt. 2609.8 2934.9 3210.2 grams 

J � Net imp. c:mb 426.5 842.6 1147.2 g!1lms 
\ � Silica gel tare 1561.8 1788.8 1585.7 grams 

Post sampling wt. 1590.0 1826.9 1536.2 grams 
Moisiure gain 28.2 38.1 49.5 aram~ 
Total moisture (V1c) 454.7 880.7 1196.7 grams 
vw<llldl 21.43 41.50 56.39 DSCF(68° F) 
vm(Jld) 145.19 235.57 250.76 DSCF(68° f) 
K2 . 0.0471 0.0471 0.0471 

MOLECULAR WElGHT Md � 29.93 29.95 30.08 lbllbmole 
28.40 28.16 27.86 lbllbmoleM. 
11.25 10.75 10.00 percentCi 

co 0.00 0.00 0.00 percent 
cei 9.25 9.50 10.50 pereent 
N2 79.50 79.75 79.50 percen, 
B,,, 12.86 14.98 18.36 percenr 

GAS vrwcm � vs 38.4 40.88 43.2 feet'second 
Ap 0.530 0.56 0.59 inches H:O 
Ts 420 428 427 OF 
Pa --0.27 --0.27 --0.27 inches H,O 
PS 29.76 29.96 29.86 inches Hg 
M. 28.40 28.16 27.86 lt.1bmolc 

85.49 85.49 85.49 
·o.83 0.83 0.83~ 

VOLUMETRIC FLOW RATE � 8241 8531 8641 DSCF(68° f;~ a_ 12.86 14.98 18.36 percent 
v, 38.38 40.88 43.23 feet/second 
A 6.8736 6.8736 6.8736 sq. feet 
sec/min 60 60 60 
K1 17.64 17.64 17.64 

ISOKINETIC RATIO � 96 99 104 percent 
T, 420 428 427 Of 
VID(IIIIJ 145.19 235.57 250.76 DSCFM(68° Fi 
P, 29.76 29.96 29.86 inches Hg 
v, 3U8 40.8ft 43.23 feet/sec:ond 
e 240 360 360 minutes 
a_ 12.86 14.98 18.36 percent 

0.00053 0.00053 0.00053 sq. feet 
K. 0.09450 0.094SO 0.09450 
Aii 
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FIGURE 17C �

EXAMPLE OF EMISSIONS TEST REPORT �

Naphthalene 1046 1499 . 64782 �
- iMdhy~~-h-th_al_en_e_____..._______,i--2-1.0 · ! 901 �

<23
_A___h_th·-,-· r 106 --r 1191 l __cenap y enc 34 .._____ ___ ·----·-�

Accnaphthene 2.2 i 1.2 70�---·-·····-· ..._..·----~- ·-----·-t
Floomie 6.6 i 4.5 l 25 �
Phenanthrene ---!---13-9--!--60_5_6____

75�1-----------------l------~------......,-·_,._____ 
Anthraccne <6.3 5.3 _..____338..,,_,_,_-----·-
Fluoranthene 20 38 2253 �

Pyrene 27 47 2817�-~--·------------·--- -------~---·--·
Benzo(a)an~~~e_______ <1.2 <O. 7?....:__.,,_,__2~---- _ ,_______________________ --- _,_______r-----Chrysene <1.2 0.92 ! 42 �

Beczo(b)fluoranthene <1.2 _1.1 : 48 �
-Benzo(k)fl;~th-en-e·-----~------, -·--<0--.-75-·-r-·---13____...

<1.2---------------1Benzoce)i,_y_ren--e-__ <8.5 <5.3 --r 75 �

<1.2�::~:~~e : __-_!,___:_:;_: -~----~-:----t<1.2 �

Indeno(l ,.2,3-c,d)pyreue ! <1.2 <O. 75 14�-
Dibenzo( a,h )anthracene <1.2 <0.75 0.90----------·-----!-',------.---·--·
Benzo(g,h,i)perylene <21 i <13 1 62�--------...--·-·--··-·r---~-----
Naphthal~_e___________._406_8____,___6_0__3_6_____2,_64__1_8~...---

2-Methylnaphthalene <89 85 3676 �
Acenaphthylene _ -13£___! 429 � 48816 �
Accn~hthe,?_e_,___________8_.7___.___5_._o__- __2_8_7___ �

Fluorcne 26 18 103 �

Phenanthrene --------'------------~-------293 561 24695�-·"--·-------------------------·--·-Anthracene <25 21 1378�-----·--------------------------·-·--�
Fluoranthene 79 151 9189 �

Pyrene 104 187 11486 �

Benzo(a)anthracene <4.7 <3.0 99 �

Chrysene <4.7 3.7 172�t----------·------~----------------·-·
Beczo(b )fluoranthene <4.7 4.6 195 �

Bcnzo(k)fluoranthene <4.7 <3.0 S l �
Benzo{e)pyrene <33 <21 304 �

Beczo(a)pyrcne <4.7 <3.0 138�t----..:...:.:""---------~-----,.._____________, 
Pcrylene <4.7 <3.0 63 �
Indcno(l,2,3-c,d~p:,:cyr_en_e____-4-__<4_._7___.___<3_._o______s7____ 

Dibenzo(a,h)anthracene <4.7 <3.0 3.7 

Benzo(g,h,i)perylene <80 <51 253 �

Standard Conditions: 68 deg.F (20 deg.C) & 29.92 in. Hg. (760 mm Hg) 
"<' indicates that the compound was not detected above the reporting limit 

. ' 

. i 
I 
) �
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:METHOD 429 - APPENDIX A 

DETERMINATION OF THE METHOD DETECTION LIMIT 

This procedure is based on the approach adopted by the EPA and included as Appendix B to Title 40, Part 
136 ofthe Code of Federal Regulations (40 CFR 136). The samples shall be subjected to the same 
extraction, cooccntration, cleanup, and analytical procedUJCS as those required for the field samples. 

L Al Procedure 

A1.1 Make an estimate of the det.ection limit (MDL) of each target compound using one of the r following: 

(a) �The concentration value that corresponds to an instrument signal/noise ratio in the range of 
2.5 to 5.I. 

(b) �The concentration equivalent ofthree times the stanqard deviation of replicate instrumental 
measurements of the analyte in reagent methylene chloride. 

(c) � That region of the standard curve where there is a significant change in sensitivity, i.e., a 
break in the slope of the standard curve. · 

(d) �Instrumental limitations. 

(e) � The concentration equivalent to five times the theoretical quantitation limit (Section 8.3.1 of 
the test method) 

The experience of the analyst is important to this process, but one of the above considerations 
must be included !.D the initial estimate ofthe detection limit 

Al.2 � Prepare according to the procedures described in Sections 4.2.2.1 to 4.2.2.4 enough XAD-2 resin 
to provide, at a minimum, eight aliquots each with mass equal to that required to pack a Method 
429 sorbent cartridge. A contamination check must be conducted to identify those PAH for 
~hi~h a :MDL cannot br: detennined by this method. 

Al.3 � To each ofseven (7) aliquots o(the clean resin, add an amount ofeach target analyte equal to the 
estimated detection limit The mass ofeach resin aliquot must be known, and should be 
approximately 40 grams, the amount required to pack a Method 429 sorbcnt cartridge. The 
eighth aliquot shall be a blank. 

Al.4 � Process each of the eight samples through the entire PAH analytical method. All quality criteria 
requirements of the analytical method must be satisfied 

Al.5 � Report the analytical results. The laboratory report must satisfy all ofthe reporting requirements 
vi .:;c1.i.ion IO of the test method. 
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AI. 6 It may be. economically and technically desirable to evaluate the estimated method detection limit 
before proceeding with step Al.3. This will: (1) prevent repeating trus entire pr:-cec1,:re and ('.'!) 

insure that the procedure is being conducted at the correct concentration. It is quite possible that 
an inflated MDL will be calculated from data obtained at many times the real MDL ev.!n though 
the level of analyte is less than five times the calculated method detectio~ ~;_....,;. T" ,..,r.._ ":"",i 
estimate of the method-detection, it is necessary to determine that a lower concentraticn of 
analyte will not result in a significantly lower method detection limit Take two aliquots of the 
sample to be used to calculate the method detection limit and process each through the e,.1tire 
method, including blank measurements as described above in step Al.3. Evalu.;te these data: 

(1) If the sample levels are in a desirable range for determination of the MDL. take five 
additional aliquots and proceed. Use all seven measurements for calculation of the MDL 
according to Section A2. 

(2) If these measurements indicate the selected analyte level is not in correct range, re-estimate 
the MDL with a new sample as in Al.2 and repeat steps Al.3 to Al.5. 

A2 CALCULATION 

A2. l Calculate the variance (S2) and standard deviation (S) of the replicate measurements, as follows: 

s2 = 1 
n-1 

n 

:E 
i" I 

429-(A)-(l) 

s = 
2'/52 

Where: 

~. i = 1 to n, are the analytical results in the final method reporting units obtained 
from tht: n sample aliquots and :E refers to the sum of the X values from i = 1 to 
n. 

A2.2 (a) Compute the MDL as follows: 

~L = t(n-1, I -a • 0.99) x (S) 429(A)-(2) 

Where: 

1 
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MDL ~ the method detection limit 

lcn-1. l-cr. 0_99) = Students' t-value appropriate for a 99% confidence level and a 
standard deviation estimate with n-1 degrees offreedom. See Table 429(A)-1. 

S= stariaard deviation of the replicate analyses. 

(b) �The 95% confidence interval estimates for the MDL derived in A2.2(a) arc computed 
according to the following equations derived from percentiles of the chi square over degrees 
of freedom distribution (illdf). 

LCL =0.64 MDL 
UCL= 2.20 MDL 

where: � LCL and UCL are the lower and upper 95% confidence limits respectively based on 
seven aliquots. 

A3 � OPTIONAL ITERATIVE PROCEDURE 

A3.l � This is to verify the reasonableness of the estimate of the MDL and subsequent :MDL 
determinations. 

(a) � If this is the initial attempt to compute MDL based on the estimate of MDL formulated in 
Step A1.1, take the MDL as calculated in Step A2.2, spike the matrix at this calculated 
MDL and repeat the procedure starting with Step Al.3. 

(b) �If this is the second or later iteration of the MDL calculation, use S2 from the current MDL 
calculation and S2 from the previous MDL calculation to compute the F-ratio The F-ratio is 
calculated by substituting the larger S2 into the numerator S2A and the other into the 
denominat()r S2

8 . The computed F-ratio is then compared with 

the F-ratio found in the table which is 3.05 as follows: ifS2A/S2
8<3.05, then ccmpute the 

pooled standard deviation by the following equation: 

429(A)-(3) 

if S2A/S2J?3.05, rcspike at the most recent calculated MDL and process the samples through the 
procedure starting with Step A1.3. If the most recent calculated MDL docs not permit 
qualitative identification when samples are spiked at that level, report the MDL as a 
concentration between the current and previous MDL which permits qualitative identification 

July 28, 1997 � M-429 Page 120 

N-798 

http:A/S2J?3.05
http:ifS2A/S28<3.05


(c) � Use the Spooled as calculated in Equation 429(A)-3 to compute the final MDL according to 
the follo\\ing equation: 

:MDL = 2.681(S~v•-•) � 429(A)-(4) 

Where: 2.681 is equal to ~12. 1-m - .99)· 

(d) � The 95% confidence limits for :tvIDL calculated using Equation 429(A)-4 are computed 
according to the following equations derived from percentiles of the chi squared over degrees 
of freedom distribution. 

LCL =0.72 :tvIDL �
UCL = 1.65 :tvIDL �

where LCL and UCL are the lower and upper 95% confidence limits respectively based on 
14 aliquots. · 

, 
J 
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TABLE 429(A)-1 �

SELECTED STUDENT'S t VALUES AT THE 99 PERCENT CONFIDENCE LEVEL �

l. � Number of 
Replicates 

7 �
8 �
9 �

10 �
11 �
16 �
21 �
26 �
31 �
61 �

Degrees 
ofFrcedom 

(n-1) 

6 �
7 �
8 �
9 �

10 �
15 �
20 �
25 �
30 �
60 �

~D-1 . .99) 

3.143 
2.998 
2.896 
2.821 
2.764 
2.602 
2.528 
2.485 
2.457 
2.390 
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CHLORINE (RESIDUAL} (~PD Colorimetric Method 

i. Thioacttamidt solurion: Dissolve 250 mg CH,CSNH2 in 100 
mL distilled water. (CAUTios: _C{lllctr swptct agent. Takt cart 
~ avoid skin contact or ingestion.) 

j. Chlorim:-thmand-frtt water: See C.3m. 
le. Glycint solution: Dissolve 20 g glycine (aminoacetic acid) 

in sufficient chlorine-demand-free water to bring to 100 mL total 
volume. Store under refrigerated conditions and discard if cloud· 
iness develops. ·· • 

L Bariwn ch/ori/U cryslals, Ba01·2H10. 

3. � Procedure 

Tbe quantities given below arc suitable for c:oocentratioas of 
total chlorine up to S mg/L. If total cblorine exceeds 5 mg/L, 
use a smaller sample and dilute to a total volume of 100 mL. 
Mil: usual volumes of buffer reagent and DPD indicator solution, 
or usual a.mount of DPD powder, with distilled water be/ore 
adding sufficient sample to bring total volume to 100 m.L. {If 
sample is added before buffer, test does not work.) 

If chromate is present (>2 mg/L) add and mix 0.2 gBa02·2H20/ 
100 m.L sample before adding other reagents. If, in addition, 
sulfate is >500 mg/L, use 0.4 g BaCJi·2H20/100 mL sample. 

IL Free chloriM or chloramine: Place S mL each of buffer 
reagent and DPD indicator solution in titration Dasie and mix 
{or use about 500 mg DPD powder). Add 100 mL sample, or 
diluted sample, and mix. 

1) Free chlorine-Titrate rapidly with standard FAS titrant 
until red color is discharged (Reariing A). 

2) Moaoc:hloramine-Add one very small crystal of KI (about 
0.5 mg) or'0.1 mL (2 drops) KI solution and mix. Continue 
titrating until red color is discharged again (Reading B). 

3) Dicbloramine-Add several crystals Kl (about 1 g) and mix 
to dissolve. Let stand for 2 min and continue titrating until red 
color is discharged {Reading C). For dicblora.mine concentra· 
tions greater than 1 mg/L, let stand 2 min more if color driftback: 
indicates slightly incomplete reaction. 'Wben dichloramine. con
centrations arc not expected to be high, ase half the specified 
amount of KI. 

4) Simplified procedure for free and combined cblorine or total 
chlorine-Omit 2) above to obtain monochloramine and dich
loramine together as combined chlorine. To obtain total cblorine 
in one reading, add full amount of KI at the start, with the. 
specified amounts of buffer reagent and DPD indicator, and 
titrate after 2 min standing. 

b. NIITOgm t:richlorilU: Place one very small crystal of Kl (about 
0.5 mg) or 0.1 mL KI solution in a titration flask. Add 100 mL 
sample and mix. Add contents to a second flask coataining 5 m.L 
each of buffer reagent and DPD indicator solution (or add about 
500 m& DPD powder direa to the fim flask). Titrate rapidly 
with standard FAS titrant Wltil red color is dischar&ed (Readin& 
N), 

c. Free ch/oriM in prauu:e of bromine or iodme: Determine 
free chlorine as in 1 Jal). To a second l<XHnL sample, add 1 

mL glycine solution before adding DPD and bdfer. 1itrare ar
c:orcling to 1 3al). Subtract the second reading from the firs: tci 
obtain Reading A. 

4. �Calculation 

For a 100-mL sample, 1.00 m.L scanaarc .r.\.S titram = .1.L1J 

mg a as 02/L, 

Reading NO,Absent NO, Prcse::i: 

A Free Cl Free Cl 
B-A NH20 NH,C 
C-B NHC!i NHC.2 + ~NO, 

N Free O + 111."10, 
2(N - A) NO, 
C-N NHO, 

In the event that moocchloramine is present witb NO,, it will 
be included in N, in which case obtain NCI, from 2(N - B). 

Calonne dioxide, if pres~nt, is included in A to the extent of 
one-fifth of its total cblorine conten,. 

. In the simplified procedure for free and combined chlorine, 
only A. (free Q) and C (total 0) are required. Obtain combined 
cblorine from C- A. 

1be result obtained in the simpli.5ed total chlorine procedure 
cortesponds to C. 

5. �Precision and Bias 

See B.5. 
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4500-CI G. CPD Colorimetric Method 

sWldard ferrous ammonium sulfate (FAS) solution as in the 1. �General Discussion 
titrimeaic method, a colorimetric procedure is used . 

IL Prinaple: This is a colorimetric version of the DPD method .b. In1erfemu:e: See A.3 and F.ld. Compensate for color and 
and is based on the same priDc:iples. Instead of titration with nubidiiy by usin& sample to zero photometer. Minimize chro
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I_ mate interference by using the thioacetamide blank correction. 
c. Mim'mum detectable conuntra1i.tm: Approximately 10 µ.g a 

as Q/L. This detection limit is achievable under ideal conditions; 
normal working detection limits typically aie higher. · 

2. Apparatus 

a. Photo=tric tquipmffll.: One of the following is required: 
1) Sptctrophorcmzttr, for use at a wavelength· of 515 nm and 

providing a light path of l cm or longer. 
2) Filter photometo, equipped with a filter having maximum 

transmission in the wavelength range of 490 to 530 nm and pro
viding a light path of 1 cm or longer. 

b. Gla.sswart: Use separate glassware, including separate spec
trophotometer cells, for free and combined (dichloramine) mcas
ure:nents, to avoid iodide contamination in free chlorine meas
urement. 

3. Reagents 

See F.2.a, b, c, d, t, h, i, and j. 

4. Procedure 

a. Calibration ofphorometric equipment: Calibrate instrument 
with chlorine or potassium permanganate solutions. 

1) Chlorine solutions-Prepate cb.lorine standards in the range 
of 0.05 to 4 mg.IL from about 100 mg.IL chlorine water stand· 
ardi%ed as follows: Place 2 mL acetic acid and 10 to 25 mL 
chlorine-demanl:1-frec water in a flask. Add about 1 g KI. Meas· 
ure into the flask a suitable volume of chlorine solution. In choos
ing a convenient volume, note that l mL 0.025N N~O, titran! 
(see B.2d) is equivalent to about 0.9 mg chlorine. Titrate with 
standardized 0.0252V Na:iS,03 titrant until the yellow iodine color 
almost disappears. Add 1 to 2 mL starch indicator solution and 
conti:iue titrating to disappeannce of blue color. 

Detenrune the blank by adding identical quantities of acid, 
KI, and starch indicator to a \Ol:Jme of chlorine-demand-free 
water corresponding to the sample used for titration. Perform 
blank titration A or B, whichever applies, according to B.3d. 

r,/mL (A + B) x N x 35.45
111g C!• as ....., "' -

mL sample 

where: 
N "' normality of Na,S.,O,, 
A • mL titnnr for sample, 
B "' mL titra.nt for blank (to be added or subtracted aa:ording to 

required blank titration. Sec B.3d). 

Use c:h!orine-demand-free water and glassv.·arc to prepare these 
st:nclards. De••elop color by first ;,lacing 5 mt phosphate buffer 
solution and 5mL DPD indicator reagent in flask and then adding 
JOO mL chlc,rin~ mndard with thorough mixing as described in 
b and c below. Fil.t pbot0meter or colorimeter cell from flask 
and read color at 515 n:n. Return cell contents 10 flask and titrate 
with standard : AS titrant as 3 check on chlorine concentration. 

2) fut 1.<~1-1.,, re·m..u.g,1..,c1.tc solutions-Prepare a stock so
lution containing 891 mg KMnOJlOOO mL Dilute 10.00 mL 
stock solution to 100 mL w:th distilled warer in a volumetric 
11ask. When l mL of this solution is diluted to 100 mL with 

INORGANIC NONMETALS (4000) 

distilled water, a chlorine equivalent of 1.00 mgtl. will be pro
duced in the DPD reaction. Prepare a series of KMnO. standuds 
covering the chlorine equivalent range of 0.05 to 4 mg!L. Develop 
color by first placing 5 mL phosphate buffer and 5 mL DPD 
indicator reagent in flask and adding 100 mL standard with thor
ough mixing as described in b and c below. Fill photometer or 
colorimeter cell from flask and read color at 515 nm. Return cell 
contents to flask and titrate with FAS titrant as a cbeck on any 
absorption of permanganate by distilled water. 

Obtain all readings by comparison to color standards or the 
standard curve before use in cak:ulation. 

b. Yolwne ofsomple: Use a sample volume appropriate to the 
photometer or colorimeter. The following procedure is based on 
using 10-mL volumcs;'adjust reagent quantities proportionately 
for other sample YO!umes. Dilute sample with c:hlorine«mand
frce water when total chlorine exceeds 4 mg/L. 

c. Frtt chlorine: Place 0.5 ml each of buffer reagent and DPD 
indicator reagent in a test tube or photometer cell. Add 10 mL 
sample and mix. Read color immediately (Reading A). 

d. Monochloramine: Continue by adding one very small cry!tal 
of.KI (about 0.1 mg) and mix. If dichloramine concentration is 
expected to be high, instead of small crystal add 0.1 mL (2 drops) 
freshly prepucd KI solution (0.1 g/100 mL). Read color im
mediately (Reading B). 

e. Dichloramine: Continue by adding several crystals _of KI 
(about 0.1 g) and mix to dissolve. Let stand about 2 min and 
read color (Reading C). . 

f Nilrog_en trichloritk: Place a very small crystal of Kl (about 
0.1 mg) in a clean test tube or photometer cell. Add 10 mL 
sample and mix. To a sea,nd tube or cell add 0.5 mL each of 
buffer and indicator reagents; mix. Add contents to first tube or 
cell and mix. Read color immediately (Reading N). 

g. Chromllll con-rctiDn using rhioaatamuh: Add 0.5 mL 
thioacetamide solution (F.:2i) to 100 mL &ample. After mixing, 
add buffer and DPD reagent. Read color immediately. Add 
several crysta.15 of KI (about 0.1 g) and mix to dissolve. Let stand 
about 2 min and read color. Subtract the first reading from Read
ing .A and the second reading from Reading C and use in cal
culations. 

h. Simplified proctdwt for u,tal chlorine: Omit Step d above 
to obtain monochloraminc and dichloramine together as com
bined chlorine. To obtain total chlorine in one reading, add the 
full amount of K1 at the start, with the specified amounts of 
buffer reagent and DPD indicator. Read color after 2 min 

5. Calculation 

NC,Absent NC, Present 

A Free a Free Q 
B-A NH2C NH20 
C-B NHO, NHO, + 'hNO, 

N Free Q + ½NO, 
2(N - A) NC, 
C-N NHa2 

In the event that monochloramine is present with NQ3 , it will 
be included in Reading N, in which case obtain NQ3 from 2(N- 8). 

6. Bibliography 

See F.6. 
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~t Designation: D 5233 - 92 

Standard Test Method for �
Single Batch Extraction Method for Wastes1 �

This standard is issued under lhe fwd designation D 5233; tbe Dumber immediately followin1 chc desiiJ!ation iDdica1es tlle Y= or 
orisiDal adoption or, in the case of revision, the year of lasl ~on. A number in parentheses indicateS the year of las1 reapproval. A 
superscript epsilon(,) indicates an editorial cban,e since !he last ~Dor !Qpproval. 

1, Scope precautionary statement, see Note 8. 
1.1 This test method is applicable to the extraction of 2. Referenced Documents 

salllPlCS of treated or untreated solid wastes or sludges, or 
2.1 ASTM Standards:solidified waste samples, to provide an indication of the �
075 Practices for Sampling Aggregates2�

teaching potential. 
D420 Practice for Investigating ar,d Sampling Soil and1.2 This test method is intended to provide an extract for 

Rocle for Engineering Purposes3 
measurement of the concentration of the analytcs of con

D 653 T'!rminology Relating to Soil, Rock, and Contained cern. The measured values may be compa.red against set or �
F1uids3 �

chosen acceptance levels in some applications. 
D 1129 Terminology Relating to Water'1.3 If the sole application of the test method is such a 
D 1193 Specification for Reagent W ate!" pass/fail comparison and a total analysis of the .waste 
D2234 Test Method for Collection of a Gross Sample ofdemonstrates that individual analytes are not present m the 

Coal'waste, or that the chosen acceptance concentration levels 
D 3370 Practices for Sampling Water'could not possibly be exceeded, the test method need not be 
E 122 Practice for Choice of Sample Size to Estimate A nm. 

Measure of Quality for a Lot or Proces.s6 
1.4 If the sole application of the test method is such a 

ES 16 Practice for the Generation of Environmental Data pass/fail comparison and an analysis of any one of the liquid 
Related to Waste Management Activities' fractions of the extract indicates that the concentration ofthe �

target analyte is so hiih that, even after accounting for � 3. Terminology�
dilution from the other fractions of the extract, it would be � 3.1 Definitions-For definitions of terms used but not
equal to or above an acceptance concentration level, then the defined in this test method, see Terminology D 1129. 
waste fails the test. In such a case it may not be necessary to �
analyze the remaining fractions of the extract. 4. Summary or Test Method (See Figure l) �

1.5 This test method is intended to provide an extract 4.1 For wastes containing less than 0.5 % dry solid 
suitable for the measurement of the concentration of material, the filtrate of the waste, after filtratiori through a 
analytes that will not volatilize under the conditions of the 0.6 to 0.8-µm glass fiber filter, is defined as the method 
test method. extract. Extraction of the solid is not required for such 

1.6 Presence of volatile analytes may be established if an wastes.•.9 �
analysis ofthe extract obtained using this test method detects � 4.2 For wastes containing greater than or equal to 0.5 % 
the target volatile analyte. If its concentration is equal to or dry solid material, the liquid, if any, is scparatec from the 
exceeds an acceptance level for that analyte, the waste fails solid phase and stored for later analysis. lhe solid phase is 

- the test. However, extract from this test method shall not be extracted with an amount of extraction fluid equal to 2C 
U5ed to determine the concentration of volatile organic times the weight of the solid phase. The extraction fluid usec 
analytes. is a function of the alkalinity of the solid phac;e of the waste. 

1.7 This test method is intended to describe only the Followiug extraction. the liquid extract is separated from the 
procedure for performing a batch extraction. It docs not solid phase by filtration through a 0.6 to 0.8-µm glass fiber 
describe all of the sampling and analytical requirements that filter. 
may be associated with the application of this test method. 4.3 If compatible (that is, multiple phases will not form 

1.8 The values stated in either SI or inch-pound units are upon combination), the initial liquid phase of the waste is 
to be regarded as the standard. The values given in paren added to the liquid extract, and these arc analyzed together. 
theses are for information only. If incompan"blc, the liquids arc analyzed separately and the 

1.9 This standard does not purport to address all of the �
safety problems, if any; associa1ed with its use. It is the �
responsibility of the user of this standard to establish appr<r 2 AJflfJIDi Boolc ofASTM Suwllvris.' Vol 04.03. �
Priale safety and health practices and determine the applica J ~ Boolc of.tSTM SUuttkuds, Vol 04.08. �

• A-1 Boalc ofASTM Suwllvris, Vol 1LC I.bility of regula1ory limitations prior to use. For a specific 1 A..-1 &,de ofASTM Suutdarrls, Vol 05.05. �
1 A~ IJ«Jlc ofASTM SllwJlzrrls, Vol 14.02. �
'~ Boole ofASTM SlattdlUtb, Vol 11.04 (see 1991 edition). �

1 This lcSt method is under !he jwisdiaion of ASTM Commiru:e 0-34 OD 1 Fftlltal Rqum, Vol 55, No. 61, ~ 29, 1990. ToJUCity ciw.:taistics 
Wure Disposal and is !be direa n:sponsibilily of Subcommiru:e 034.02 OD Rcvi1iom. Fmal lllllc. 
Pliysi~ aad Cbemical ~n. 'Fel,rol bfjJt,r, Vol 55. No. 126, J11ne 29, 1990. Toiucity Cbatxteristic 

Cumat eclitioD appro>ed Mud! 15. 1992. Publimed May 1992. Rerilions. 'F'mal llule. Comctions. 
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FIG. 1 Method Flow Chart 

results are combined mathematicaUy to yield a volume
weighted average conccntratioL. 

5. Significance and Use 
S. I This test method is intended to generate an extract 

with a conccntra~on of the target analyte(s) representative of 
the expected release under the scenario simulated, and which 
can be compared with concentiation levels ac.ceptable in 
waste disposal, treatment, or production activities. 

S.2 The e:uraction conditions of the test method were 
chosen to simulate a potential disposal scenario to which the 
wastes may be exposed. 

~ 3 ~:.: =-::.-: -r:~·: :··::::::·::dis that the amount of 
acid in the extraction P.uids reflec: the acid available from the 
l.:ach~tc of a :,i:;;-~::.: landfill wh:~, municipal and industrial 
Wll~CS wr,re co-di~'.'1'1S<!d. 10 

•0 Kimmel. T. A., ~nd F:iedman. D. A., "Model Assumptions and Ration.ale 
lehind the Development of EP Ill." ASTM STF 886, J. K. Petros, et &!, Eds., 
I.STM. Philadelphia, PA. 1~86, pp. 36-53. 

S.4 One intent of this test method is to not allow the pH 
of the extraction flwd to be lower than that of the leachate of 
a specific: landfill where municipal and industrial wastes were 
co-disposed. Therefore, the pH of the extraction fluid was 
chosen with the following considerations: 

(J) Not to be less than 4.93 ± 0.05 for the extraction of 
wastes with an acid neutralization capacity of less than the 
acid available in the total volume of extraction fluid used in 
the method (Extraction Fluid No. I). 

(2) At 2.88 ± 0.05, as defined by the i,H of the acid, for 
the extraction of wastes with an acid neutralization capacity 
of more than the acid available in the extraction flu.id used in 
the metho~ (E::tratton Fkij No. 2). 

5.5 The intel'J)retation and use of the results of this· test · 
method are limited by the assumptions of a single co
disposal scenario and by the factors affecting the composi
tion of a landfill leachate and chemical or other differences 
between a selected extraction fluid and the real landfill 
leachate. 

S.6 This test method may be affected by biological 
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FIG. 2 Rotary Agitation Apparatus 

changes in the waste, and it is not designed to isolate or 
measure the effect of such processes. _ 

S.7 This test method produces extracts that are ~enable 
to the determination of both minor and major constituents. 
When minor constituents are being determined, it is espe
cially important that precautio~ be taken in sample storage 
aDd handling to avoid possible contamination of the sam

pl~.g The agitation technique, rate, liquid-to-solid ratio, 
and filtration conditions specified in the method may not be 
suitable for extracting all types of wastes. . 

5.9 This test method is intended to extract the samples m 
their original physical state as is, without any size reduction. 
However, the sample/extractor interaction is expected to 
correlate with the environmental conditions to which a waste 
may be exposed. 11 · 

S. IO The extraction conditions defined by this test 
method arc expected to yield steady-state concentrations, 
determined by the extraction liquid-to-solid ratio and ~e 
duration of the extraction, which may or may not agree with 
the concentration of an equilibrium. 

6. Apparatus and Materials 
6.1 Agiuuion .A.pparOJus, capable of rotating the extraction 

vessel in an end-over-end fashion (see Fig. 2), at 30 ± 2 
r/min, such that the axis of rotation is horizontal and passes 
through the center of the bottle. 

NOTE I-Similar devices may be used having a different axle 
amngcment if equivalency can be demonstrated. 

6.2 Extraction Vesu/-Suitable vessels include cylindri
cally shaped, minimum 2-L size, with capacity sufficient to 
hold the sample and the extraction fluid. Head-space is 
allowed in this vessel. The extraction bottles may be con
structed from various plastic materials, depending on the 
analytes or interest and the nature of the waste. Plastic 
bottles, other than polytetrafluoroethylene, shall not be used 
if organics arc to be investigated. The bottles should be 
sturdy, in order to withstand the impact of the falling sample 
fragments, and shall have a lealc-free seal. The use of 
P0lytetrafluoroethylene tape is recommended to en.sure a 
tiaht seal. Due to their potential for breakage, the use ofglass 
bottles is not recommended. 

. 
11 Fffkral Rqisu,, Vol .53. No. 100, May 24, IPU. Plopoaed Ca,e ModifiQ

llaa 01'TC'l.P. 

NOTE 2-Suitable bottles range from 4 .0 to 4 ~ in ( I 02 ~o 114 mm) 
in diameter and from 8.5 to 13.0 in. (216 to 330 r::m) in he:.,.~: 

6.3 Filtration De,,ice-It is ,t:..:r,.-,-'l·e'J,'.~: '".:: ..i' ,;l'..1'2
tions be performed in a hood. W2stes should be fil:ered using 
positive-pressure filtration using a pre-purified grade inert 
gas such as nitrogen. 

6.3.l Filter Holder, ca.:,able of supportng a glass fiber 
filter and able to withstand the pres.sure needed to accom
plish separation (maxim<!m 50 psi or 345 kPa). These 
devices shall have a mini:num inter.ial ·,·o!ume of 300 mL 
and shall be equipped to accommodate a reinimum filter size 
of 47 mm. (F'tlter holden havini an int:=rnal capacity of 2.2 L 
and equipped to accommodate a 142-mm di.ameter fil:er are 
recommended.) 

6.3.1.1 Materials ofConstroction-Filtration devices shall 
be made of inert materials that will not iCJ\ch or adsorb the 
.analytes of concern. Glass, polytetrafluorocth)lene, or type 
316 stainless steel equipment may be used when both 
organic and inorganic analytes are of concern. Devices made 
of high-density polyethylene (HDPE), polypropyle~e (PP). _or 
polyvinylchloride (PVC) may be used wlten .:>nly morgarucs 
are of concern. 

6.4 Filters, made of borosilicate glass fiber, containing no 
binder materials, and having an c.ffective pore !>ize of 0.6 to 
0.8 µm. Pre-filters must not be used. \\'hen inorganic 
analytes are of concern, the filter shall be acid washed prior 
to use by rinsing with l N nitric acid followed by ~e 
consecutive rinses with Type II reagent water a.s defined in 

Specification D l 193. (A minimum of 1 L per rinse is 
recommended.) Glass fiber filters arc fragile and should be 
handled with care. 

6.5 pH Meter, with a readability of 0.01 unit and an 
accuracy of ±0.05 unit at zs·c. 

6.6 Laboralory Balance, accurate to within ::0.0 l g. (All 
weight measurements arc to be within :i::0.1 g.'i 

6.1 Beakers or Erlenmeyer Flasks. glass 500-mL, and 2-L. 
6.8 Watch-Glass, with an appro9riate diameter to cover 

the beaker or Erlenmeyer fl.ask. 
6.9 Magnetic Stirrer. . 
6.10 Mold, cylindrical, mad~ of inert, non-adsorbing anc 

non-contaminating material for casting of laboratory sam
ples. 

6.11 Straightedge, made of stainless steel. 
6.12 Impermeable Sheet or Gla:e<i Paper. 
6.13 Volumetric Flask, 1-L size. 
6.14 Drying -Oven-Any thermostatically controlled 

drying oven capable of maintaining a temperature between 
ss and 11 s·c within ±S"C. 

6.15 Graduazed Piper, readable to 0.1 m.L. 
6.16 Hot Plale, equipped for agitation and temperature 

control capable of maintaining a 50 ± 3°C temperature. 
6.17 Graduated Measuring Cylinder, with a precision of 

±3%. 

7. Reagents 
7.l Purity ofReagems-Reagcnt grade chemicals shall be 

used in all resu. Unless otherwise indicated., it is intended 
that all reagents shall conform to the specifications of the 
Committee on Analytical Reagents of the American Chem
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TABLE 1 Sample Maximum Holding runes, Days 
_________F_rom_F_Nlld_Collecoon ______________~F;::rom=-:lhe:=-E.nd:-:-o:-f___::__::-From-7:Me~thod:-:-::--:E::::Xl!'ICtlOn:=::-----:F:-rom-lhe_Anal;'bCal 

Period Compounc: 10 Method Extract,on ExtnlctJOn to the SW1 of to Anaty11C8! Extraction to lhe Total Tone, 
Fltrabot\, h Ell1l'aCliOO Chemical Ana/yslS Days 

~ ,. 2 7 40 61 
~-, 26 2 NA 28 56 
~ except Mercur / 180 2 NA 180 360 

ic:al Society, where such specifications are available. 12 Other 
grades may be used, provided it is first ascertained that the 
reagent is of sufficiently high purity to permit its use without 
lessening the accuracy of the determination. 

7.2 Purity of Waler-Reagent water is defined as water in 
which an interfering ana:yte is not observed at or above the 
method detection limit of the analyte(s) of interest. Type II 
of Specification D I l 93 or equivalent meets the definition of 
reagent water. 

7.3 Hydrochloric Acid (HQ), 1 J,,, made from ACS 
reagent grade. 

7.4 Nitric Acid (HN03), I N, made from ACS reagent 
grade. 

7.5 Sodium Hydroxide (NaOH), 1 N, made from ACS 
reagent grade. 

7.6 Glacial Acetic Acid (CH3COOH), ACS reagent grade. 
7.7 Extracrion Fluids-Several batches or multiple vol

umes of extraction fluids should be prepared in accordance 
with the number of extractions. The volume needed for an 
individual extraction is approximately 2 L. The extraction 
fluids should be monitored frequently for impurities. The pH 
should be examined prior to extraction to ensure that these 
fluids were made up accurately. If impurities are found or the 
pH is not within the specifications, the fluid shall be 
discarded and fresh extraction fluid prepared. 

7.7.1 Extraction Fluid No. I-Add 5.7 ml glacial acetic 
acid t? 500 ml of reagent water, add 64.3 mL of l N NaOH, 
and dilute to a volume of l L. \.\'hen correctly prepared, the 
pH of this fluid will be 4.93 ± 0.05. 

7.'.'.2 Exrracrion Fluid No. 2-Dilute 5.7 mL glacial 
acetic acid ~ith reagent water to a volume of 1 L. When 
correctly prepared, the pH of this fluid will be 2.88 ± 0.05. 

8. Sampling 
8.1 If representative samples of the waste must be tested, 

use ASTM Sarr.piing methods developed for the specific 
industry where available (see Practices D 75, D 420, D 3370 
Terminology D 653, and Method D 2234). ' 

8.2 All samples shall be collected using an appropriate 
sampling plan to ensure sample integrity and representative
ness (see Practice E 122). 

8.3 Where no specific methods are available, sampling 
rncthodolc-gy for materials of similar physical form shall be 
used. 

8.4 It is_ impo;1Ant that the sample of the _w~ ~ 
,~.,..........~-·~ ··--· ·--.. ~~- :.:. ;;;rface area, as vanauom :~ 
surface area wo;.ild directly affect the extraction characteris

12 "R::.ig,n: Ci,cmu:.i.b. "1nc:nan Chemical Society Specifications.' Atr.. 
Chemical Soc.. Washing1on, DC. For IU&iestions on the resting of n:agcnu not 
listed by lhe Amencan O,em1cal Societ), 11et "Reagent Chemicals and Sandards," 
by Joseph Rosin. D. Van N011rand Co., Inc., New York. NY, and the "United 
SlatCS Phar:nacopcia • 

tics of the sample. Waste samples should contain a represen
tative distribution of particle sizes. _ 

Non 3-lnformation on obtaining rcpraentative samples can also 
be found in Pimt Gy"s Sampling Thtory ONJ Praaice. t, 

8.5 Approximately 100 g of solid phase samples are 
required for each extraction. Preliminary evaluation also 
requires 100 g of solid phase sample. A larger sample size 
may be required, depending on the solids content of the 
waste sample (percent solids; see 10.2.9). 

8.6 Enough extract should be generated such that the 
volume will be sufficient to support all of the analYSCS 
required. If the volume of extract generated by the perfor
mance of a single extraction will not be sufficient to perform 
all of the analyses to be conducted, it is recommended that 
more than one extraction be performed and that the extracts 
from each extraction be combined and then aliquoted for 
analysis. 

8.7 For the evaluation of solidified or stabilized wastes, or 
both, samples may be cast in the form of a cylinder that will 
fit into the extraction apparatus. Such cylinders may be used 
for the evaluation. The casting may be allowed to cure for 30 
days before the extraction procedure is performed. For other 
monolithic materials, a coring may be produced that will fit 
into the extraction apparatus. Waste materials to which these 
casting and coring procedures apply include concrete mate
rials, rock, wood, slag, and so forth. 

8.8 Quality control measures may require additional sam
ples. 

9. Sample Handling and Preparation 
9.1 For free-flowing particulate solid wastes, obtain a 

sample in accordance with the requirements of Section 8 by 
quartering the sample received for testing on an imperme
able sheet of glazed paper, or other flexible non-contami
nating material, as follows: 

9.1.1 Empty the sample container into the center of the 
sheet. • 

9.1.2 Flatten out the sample gently with a suitable 
straightedge until it is spread uniformly to a depth at least 
twice the maximum particle diameter. 

9.1.3 Remix the sample by lifting a comer of the sheet 
and drawing low across to the opposite comer in the manner 
that the material is made to roll over and over and does not 
merely slide along. Return that comer to its original position. 
Continue the operation with each comer, proceeding in a 
L,u...;. ... ;x ..:;r~"'h..in. ~<..x;..·. t.:.is ..:1c.lc ten (w~;. 

9.1.4 Lift all four comers of the sheet toward the center, 
and i10lding all four comers together, raise the entire sheet 
into the air tc form a pocket for the sample. 

13 Pitanl, F., P,=r Gy's Sanrp/i~ T~ry ON! Praaicr, Volumes I and II, CllC 
Press, 1989. 
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9.1.5 Repeat 9.1.2. 
9.1.6 Gently divide the sample into quarters with a 

straightedge, one at least as long as the flattened mound of 
sample. Make an effort to avoid using pressure on the 
$U3ightedgc sufficient to cause damage to the particles. 

9.1.7 Discard alternate quarters. 
9.1.8 If further reduction of the saJllple volume is ncces

Sll'Y, repeat 9.1.3 through 9. 1.7. Use a sample volume to give 
100 g of solid for each extraction. Provicfe additional samples 
for the preliminary evaluation. 

9.2 For field-cored solid wastes or castings produced in 
the laboratory, cut a representative section weighing approx
i.Jnately 100 & for each extraction plus the preliminary 
evaluation. Take samples for the preliminary evaluation at 
the same time as the test samples. 

9.2.1 If ncccssary, shape the sample so that its largest 
dimension would not exceed the radius of the extraction 
bottle. (The material shall move freely while fully covered 
with the extraction fluid.) 

9.3 Preservatives shall not be added to the samples prior 
to extraction. 

9.4 For multi-phasic wastes, mix thoroughly to ensure 
that a representative sample will be withdrawn. 

9.5 Samples shall be stored at 4"C to minimize changes 
due to biological processes. If precipitation occurs, the entire 
sample (including precipitate) of the precipitate existing at 
room temperature (see 4.1 and 4.2) should be used. 

9.6 lpe method filtrates and extracts should be prepared 
for analysis and analyzed as soon as pos.siblc. filtrates and 
extracts or their portions for metallic analyte determinations 
should be acidified with nitric acid to pH <2 unless 
precipi..ation occurs. To minimize losses, filtrates or extracts 
or their portions for organic contaminant determinations 
shall not be allowed to make contact with the atmosphere 
(that is, head-space). 

9.7 Sample maximum holding ti:ncs (days) are given in 
Table 1. 

10. Preliminary Enluations and Pre-Extraction Procedures 
10.1 Perform preliminary method evaluations on a min

imum 100-g aliquot of waste. This aliquot may not undergo 
the actual extraction. These prclirr.inary evaluations include 
the determination of the following: (J) percent ~lids, (2) 
whether the waste contains dry solids in excess of0.5 %, and 
(3) which of the two extraction fluids are to be used for 
extraction of the waste. 

10.2 PrtlimiNUy Determination of Percenr So/ids-Pcr
c:ent solids is defined as that fraction of the waste sample (as 
aJ)Cr'Cent of the total sample w/w) from which no liquid may 
be forced out by an applied pres.sure as described below. 

10.2. l Ifthe waste will obviously yield no free liquid when 
subjected to pressure filtration of this method (that is, 100 % 
SOiids), proceed to 10.4. 

i;...~~ 4-Some materials may look like dry solids but may release 
,...._ under ~ for example, adsorbents, filter cakes, paint, and 
Giber sllld&es, If wicenain, proceed to tbc filtmion step ( 10.2.2). 

10.2.2 If the sample is liquid or multi-pbasic, liquid/solid 
~tion to make a preliminary evaluation ofpen:ent solids 
11 r"equircd.. This involves the filtration device described in 
6.3, and the procedure is outlined in 10.2.3 through 10.2.9. 

N-30f 

10.2.3 Pre-weigh the filter and the cont2iner that will 
receive the filtrate. 

10.2.4 Assemble the filter ho,a~r arid (t1t•, =-;:,:!,:.0r..g :11~ 
manufacturer's instructions. PlacP. the filte, on the support 
screen and secure. 

10.2.5 Weigh out a sub-sarnol .. of ,h,. w~•t,. r1nn-" ,..,;" 
imum) and record the weight. 

10.2.6 Allow slurries to stand to permit the solid phase to 
settle. Wastes that settle slowly may be centrifugt.d prior :o 
filtration. Centrifugation is to be used only as an aid to 
filtration. If used, the liquid should be decanted aIJd fu:ered 
followed by filtration of the solid portio:i of the waste 
through the same filtratiot'l system. 

10.2.7 Quantitatively transfer t'1e waste sample to the 
tilter holder (liquid and solid phases). Spread the waste 
sample evenly over the surfa,:e of the filter. Allow the sample 
to warm to room temperature in the device before filtering. 

NOTE S-If some waste material (>l % of fae original sample 
weight) bas obviously adhered to the container u.sed to transrer the 
sample to the filtration apparatus, cletem;ine the weight of this residue 
ud subtract it &om the sample weight det:::mined in 10.2.5 to 
determine the weight of the waste sample that will l,e fil~. 

10.2.7.1 Gradually apply gentle pressure of I to 10 psi (7 
to 70 lcPa), until .the pressurizing 'gaS moves through the 
filter. If this point is not reached below 10 psi ( 69 kPa), and 
if no additional liquid has passed th.rough tLe filter in any 
2-min interval, slowly increase the pressure in 10-psi (69
lcPa) increments to a maximum of 50 psi (345 kPa). After 
each incremental increase of 10 psi (69 kPa), if the pressur
izing gas has not moved th.rough the filter, and if no 
additional liquid has passed the filter in any 2-rnin interval, 
proceed to the next 10-psi (69-kPa) increment. 'When the 
prcs.surizing gas begins to ~ove through the filter, ~r when 
the liquid flow has ceased at SO psi (345 kPa) (that is, 
filtration does not result in any additional filtrate within any 
2-min period), stop the filtration. 

NOTE 6-Instantancous application or hi6') ~sure r;:;in d~e tiic 
glass fiber filter and may cause premature pluggins. 

10.2.8 The material in the filter holder is defined as the 
solid phase of the waste, and the filtrate is defined as the 
liquid phase. 

NOTE 7-Some wastes, such as oily and some pain: wastes. wiU 
obviously contain some nweria1 that appean to be liquid. Even after 
applyin& the pressure filtration as outlined in l0.2.7, this matt:ial may 
not tilter. If this is the cue, the material within the filtration deVJce ~ 
de6ned as solid. Do not replace the original filter undcT any circum 
Slllnces. Use only one filter. 

10.2.9 Determine the weight of the liquid phase by 
subtracting the weight of the filtrate container (sec 10.2.3) 
from the total weight of the container plus filtrate. Deter. 
mine the weight of the solid phase of the waste sample by 
subtracting the weight of the liquid phase from th<! weight of 
the total waste sample, as dctcnnin~ in 10.2.5 or 10.2.7. 
RCC(!rd the weight of the liquid and solicl phases. Calculat:
the percent solids as follows: 

weight of solid (10.2.9) 
percent solids•------------ x 100 ( I)

total weight of waste (10.2 . .5 or 10.:?.7) 
· · I 0.3 If the pcn:ent solids determined in l 0.2. 9 is equal to 

or greater than O.S %, proceed with the filtered solid phase to 
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10.3. I. If the percent solids determined in 10.2.9 is less than 
0.5 %. the initial liquid phase becomes the method extract. 
Meas~re the pH and proceed with this method extract to 
11.16. 

10.3.1 Remove the solid phase and filter from the filtra
tion apparatus. 

10.3.2 Dry the filter and solid phase at 19() ~ 2o·c until 
two successive weighings yield the same value within 1 % of 
the last measurement Record the final weight. 

Non 8: Caution-Take care to ensure that the 5\lbjcct solid will not 
flash upon beating. It is recommended that the drying oven be vented to 
a hood or another appropriate device. 

J0.3.3 Calculate the percent dry solids as follows: 

percent dry solids 

(weight of dry waste + filter) - tared weight of filter (i) 

initial weight of waste (10.2.S or 10.2.7) 

10.3.4 If the percent dry solids is less than 0.5 %, the 
initial liquid phase becomes the method extract Proceed 
with the extract to 11.16. Measure the pH of the method 
extract. If the percent dry solids is greater than or equal to 
0.5 %, return to the beginning of this section and filter a 
small, fresh portion of the waste to determine the appropriate 
extraction tluifi ( I0.4). Since the Clriginal sample was de
stroyed by drying and the preliminary evaluation_ has been 
completed, proceed to 11.3 to perform the extractJon proce
dure on a fresh sample. 

10.4 Determinaiion ofAppropriate Extraction Fluid (See 
Fig. 3)-Ifthe dry solids content of the waste is greater than 
or equal to 0. 5 %, perform the determination of the appro
priate fluid (7.7) to b: used for the extraction as follows: 

10.4.1 Weigh out a small sub-sample of the solid phase of 
the waste; reduce the solid, if neccs.sary, to a fragment size of 
approximately 1 mm in diameter or less; and transfer 5.0 g of 
the solid phase of the waste to a 500-mL beaker or an 
Erlenmeyer flask. 

10.4.2 Add 96.5 rnL ofreagem water to the beaker, cover 
with a watch-g!ass, and stir vigorously for 5 min using a 
magnetic stim:r. Measure and record the pH. If the plf is 
<5.0, use ExtraC".ion Fluid No. I. Proceed to Section 11. 

10.4.3 If the pH from 10.4.2 is >5.0, add 3.5 mL 1 N HO, 
slurry briefly, cover with a watch-glass, heat to so·c, and 
hold at so·c for 10 min. 

10.4.4 Let the solution cool to room temperatwe and 
record the pH. If the pH is <5.0, use Extraction Fluid No. 1. 
If the pH is >5.0, use Extraction Fluid No. 2. Proceed to 
~on II. 

10.5 If the 2.liquot of the waste used for the preliminary 
evaluation (10.2 through 10.4) was determined to be 100 % 

· · · · ~ ~ · · · · · · ' - · · -d for Section 11 extraction 
(;;;rni~g·th;t -~t ,~;·ioc,g;;~ains). The aliquot subjected 
tu th: procedurt:. ir, lG.2.7 might be appropriate for use in 
Sectbr 11 ;r ~n ;-dequat,: an,ount ofsolids (as determined by 
10.~.9) was ootainetl. The ~ount of solids necessary is also 
dependent on whether a sufficient amount of extract will be 
produced to s..ipport the analyses for the target analytes. Ifan 
adequate amount of solids remains, proceed to 11. ll. 

<S 

us,U~e 
Extr2ctlor, Extractor 

FlulO FlulO ., � •2 

FIG. 3 Detennination of the Extraction Fluid 

11. �Extraction 

1I.I A sample size of minimally 100 g (solid and liquid 
phases) is required. A larger sample size may be appropriate 
in some cases, depending on the solid contents of the waste 
sample (percent solids; see 10.2); whether the initial liquid 
phase (filtrate) will be miscible with the aqueous extract of 
tht solid; and whether inorganics, scmivolatile organics, 
pesticides and herbicides are all analytes of concern. If the 
amount ofextract generated by a single extraction will not be 
sufficient to perform all of the analyses, more than one 
extraction may be performed and the extracts from each 
combined and aliquoted for analysis. 

11.2 If the waste will. obviously yield no iiquid when 
subjected to pressure filtration (that is, is 100 % solid; 10.2), 
weigh out a sub-sample of the waste (100 g minimum) and 
proceed to 11.10. 

11.3 If the sample is liquid-like or multi-phasic, liquid
solid separation is required. This involves the filtration 
device described in 6.3 and is outlined in 11 .4 through 1 J.9. 

11.4 Pre-weigh the container that will receive the filtrat:. 
11.5 Assemble the filter holder and filter following the 

manufacturer's instructions. Place the filter on the support 
screen and secure. Acid wash the filter if inorganics are of 
concern (sec 6.4). 

NOTE 9-Acid washed filtrn may be used for all extractions, eve!! 
when inorpnics are not of concern. 
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11.6 Weigh out a sub-sample of waste (100-g minimum) 
and record the weight. If the waste contains <0.5% dry 
s0Ii1s (10.3), the liquid portbn of the waste, after filtration, 
is defined as the method extract. Therefore, enough of the 
sainple should be filtered so that the amount of filtered hquid 
will support all of the analyses required. For wastes con
taining >0.5 % dry solids (10.2 or JO)), use the percent 
solids information obtained in 10.2 to determine the op
tiJnutn sample size (100-g minimum) for filtration. Sufficient 
solid should be generated by filt:ation to support the analyses 
to be performed on the method extract. 

11.7 Allow slurries to stand to permit the solid phase to 
set<Je. Wastes that settle slowly may be centrifuged prior to 
filtration. Use centrifogatic,n only as an aid to filtration. If 
the waste is centrifuged, the liquid should be decanted and 
filtered followed by filtration of the solid portion of the waste 
through the same filtration system. 

11.8 Quantitatively transfer the WdSte sample (liquid and 
solid phases) to the filter holder. Spread the waste sample 
evenly over the surface of the tilter. Allow the sample to 
warm to room temperature in the device before filtering. 

NOTE l~lfsome waste material (>I 'Ji; oforiJina! sample weight) 
bas obviously adhered to the oootainer used to transfer the sample to the 
lltratioo apparatus, dctermint the weight ofthis residue and subtract it 
Crom the sample weight determined in 10.2..S to determine the weight of 
tbc waste sample that will be filtered. 

11.8.1 Gradually apply gentle pressure of l to 10 psi (7 to 
70 lcPa), until the pressurizing gas moves through the tilter. If 
this point is not reached below 10 psi (69 lcPa), and if no 
additional liquid has passed through the filter in any 2-m.in 
interval, slowly increase the pressure in 10-psi (69-kPa) 
increments to a maximum of SO psi (345 kPa). After each 
incremental increase of 10 psi (69 kPa), if the pressurizing 
gas has not moved through the tilter, and if no additional 
liquid has passed the filter in any 2-min interval, proceed to 
the next 10-psi (69-kPa) increroent. When the pressurizing 
gas begins to move through the filter, or when the liquid flow 
has ceased at 50 psi (345 kPa) (that is, filtration does not 
result in any additional filtrate within any 2-min period), 
stop the filtration. 

Non 11-lostaotaneous application of high pressuze can degrade 
the glass fiber filter and may cause pn:mature plugging. 

11.9 The material in the filter holder is defined as the 
solid phase of the waste, and the filtrate is defined as the 
liquid phase. Measure the pH of the filtrate. Measure the 
volume of the filtrate ( V1) if the data are to be combined 
mathematically. Use a araduated measuring cylinder for the 
volume measurement. The liquid phase may now be ana
lyzed (sec 11.13) or stored at 4•c until the time of analysis. 

Non 12-SOme wastes, such as oily and some paint WIiies, will 
ciMously contain some material that appean to be liquid. E~ after 
applying the pressure filtntion as outlined iD 10.2.7, this material may 
DOt filter. If this is the case, the material within the filtration device is 
clclined as solid. Do not replace the original filter under any c:imlm· 
stances. Use only one filter. 

11.10 If the waste contains <O.S % dry solids (sec 10.3), 
Pl'OCecd to 11.14. If the waste contains >0.5 % solids (see 
10.2 or 10.3), proceed to 11.11. · 

11.11 Quantitatively transfer the solid residue retained by 
~e filter, or the solid sample if it did not require filtration, 
IDto an extractor bottle. Include the filter if it was used to 

separate the initial liquid from the solid phase. 
11.12 Determine the amount of extraction fluid to add to 

the extractor as follows: 

weight of elltraction fluid 
20 x percent solids (10.2.<l) 

x weig.i: ~: _:_ ::: ___ :: .. : -· :: : ~; 131 

100 

Slowly add this amount of app:opriate extracticn Ibid (S('e 
10.4) to the extractor vessel. Close the extractor bottle tightly 
(it is recommended that polytetrafluoroethy'cne tape be used 
to ensure a tight seal), secure in :i rotary agitation device, and 
rotate at 30 ± 2 r/m.in for 18 ± 2 h. Ambient temperature 
(that is, temperature of the room in which the extraction 
takes place) shall be maintained at 23 :: re during the 
extraction period. 

NOTE 13-As agitation continues, presre,c may build up within the 
extractor bottle for some types of wastes (for example. limed or calcium 
carbonate-containing waste may evolve gases such a:; carbon dioxide). 
To relieve excess pn:ssun:, the extractor bottle may be taken undc; a 
hood and opened carefully from time to time (for example, after IS min. 
30 min, and 1 h). 

11.13 Within 2 h, following the 18 ± 2 h extraction. 
initiate the separation of the materral in the extraction vessel 
into its component liquid and solid phases by filtering 

--through a new glass fiber filter, as outlined in 11.8. For final 
filtration of the method extract, the glass fiber filter may be 
changed, if n~. to facilitate filtration. Filter{s) shall be 
acid-washed (see 6.4) if inorganics are of roncern. 

11.14 Prepare the method extract as follows: 
11.14.1 If the waste contained no initial liquid phase, the 

filtered liquid material obtained from 11.13 is defined as the 
method extract. Proceed to 11.15. 

11.14.2 ·Ifcompatible (for example, multi-phase waste will 
not result upon combination), combine the filtered liquid 
resulting from 11.13 with the initial liquid phase of the waste 
obtained in 11.8. This combined liquid is defined as the 
method extract. Proceed to 11.15. 

11.14.3 If the initial liquid phase of the waste, as obtained 
from 11.8, is.not or may not be compatible with r.he filterec 
·liquid resulting from 11.13, do not combine thes.e liquids 
Analyze these liquids, collectively defined as the metlioc 
extract, and combine the results mathematical!:,. as de, 
scribed in 11.15. 

11.1 S Following collection of the method extrac-:. the pH 
of the extract should be recorded. The volume of the extra~ 
(Vz) shall be measured if the data are to be comtined 
mathematically. Use a graduated measuring cylinder for 
volume measurement. Immediately aliquot and preserve the 
extract for analysis. Metals aliquots must be acidified with J 

N nitric acid to pH <2. Ifprecipitation is observed upon the 
addition of nitric acid to a small aliquot of the extract, the 
remaining portion of the extract for metals analyses shall 001 

be acidified and the extract shall be analyzed as soon as 
pom1,lc. All other aliquots must be stored under rcfrigera, 
tion (4°C) until analyzed. The method extract shall be 
prepared and analyzed according to appropriate analytical 
methods. The method extracts to be analyzed for metals shall 
be acid-digested except in those instances in which digestion 
causes a loss of metallic contaminants. If an analysis of the 
undigested extract reveals that the concentration of any 
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41 D 5233 r regulated metailic contaminant exceeds the axeptancc level, 

· the waste fails the test and digestion of the extract is not 
necessary. However, data on undigested extracts alone 

I. cannot be used to demonstrate that the waste met the set 
acceptance level. If the individual phases are to be analyzed 
separately, determine the volumes of the individual phases . (to ±3 %), using a scparatory funnel and gradua~ cylinder.

l Conduct the appropriate analyses, and combine the results 
mathematically by using a simple volume-weighted average: 

[ (4) 

where: 
=volume of the initial phase (filtrate, L), 
., concentration of the contaminant of concern in the C1r V1 

initial phase (mg.IL), 
• volume of the c:xtract (L), andV2 
., concentration of the analyte of concern in the extract C2 

(mg.IL). 

NOTE 14-If either V, or V2 were DOI detected, use the IIJ)J)f'Opriatc 
detection limit in the calculation. 

11.16 Compare the anal)1e concentration of the method 
extract with the applicable comparative values. Refer to 
Section 13 for quality assurance requirements. 

12. Report 
- I2.1 Report the following information: 

12.1.l All pH values for tte method extract(s); 
12.1.2 The conc~ntration of all analytes of concern as 

measured or calculated in 11.6 and I 1.15, respectively; 
12.1.3 The type of the extraction fluid used; 
12.1.4 The solids cor,trnt of the sample; and 
12.1.5 The dry solicis content of the sample if the solids 

content is >0.5 % . 

13. QualitJ Assurance Requirements 
13. I Maintain a'.I data, including quality assurance data, 

and keep them ;,vai\able for reference or inspection. 
13.2 All quality control measures described in the apprer 

priate analytical methods shall be followed. If the analytical 
quality control requirements are not specified in the apprer 
priate method, follow the requirements in 13.3 and 13.4 and 
refer to Practice ES 16. 

13.3 A minim•Jm of one blank (using the same extraction 
fluid and equipment as used for the samples) for-every ten 
extractions that have been conducted shall be used as a check 
to determine whether any memory effects from the extrac
tion equipment arc occurring. 

13.4 A matrix spike shall be performed for each waste 
type where the ccmpositions of the waste matrit%S arc 
significantly different 

TABLE 2 Precision Data 

Mean,S 21.0 1.9 
Standard deYialiOn. s 3.0 0.63 

NOTE 15-lt is recommendc:cf that it be: assumed that each sample 
has I significantly different composition uni~ previous data would 
indicate: otherwise (for example, !'elu1ar sampling of aeady-state Pl"OCesl 
streams). If more than 20 samples of the same: QSte are being tested, 1 

matm spike must be performed for every 20 samples. 

13.4.1 The matrix spikes are to be added after filtration 
and combination, if necessary, of the method extract and 
before preservation. 

13.4.2 Matrix spike levels should be established at the 
appropriate acceptance levels. If the analyte concentration in 
the method extract is less than one half of the acceptanct 
level, the spike level may be as low as one-half the analytt 
concentration. However, it shall not be less than the 
quantitation limit or one-fifth of the acceptance level. h! 
order to avoid differences in the matrix effects, the matru 
spikes must be added to the same nominal volume of the 
method extract as that which was analyzed for the unspiked 
sample. 

13.4.3 The purpose of the matrix spike is to monitor the 
performance of the analytical method used and to determine 
whether matrix. interference exists. The use of other internal 
calibration methods, modifications of the analytical 
methods, or the use of alternate analytical methods may be 
needed to measure accurately the analyte concentration of 
the method extract when recovery of matrix spike is below 
the expected analytical method performance. 

13.4.4 Acceptable sample holding times are outlined in 
9.7. Exceeding the holding time is not acceptable to establish 
any compliance with the acceptance levels, but it may be 
used if the samples are not in compliance. 

14. Precision and Bias 
14.1 Precision-The precision of the procedure in Test 

Method D 5233 for measuring the sample disintegration, 
surface area increase, bas been evaluated. The fractions 
retained on 9.5 mm sieve were measured in three laborat~ 
ries. Io each laboratory, duplicate, monolithic samples not 
passing a 9.5 mm sieve of four high strength and four low 
strength materials were extracted (see Table 2). The weight of 
the residual 9.5-mm size fractions was mea;;ured and ex· 
pressed as a percent of the initial sample weight. 

14.2 Bias-The procedure in Test Method D 5233 for 
measuring extract generation has no bias because the value 
of extract is defined only in terms of this method. 

15. Keywords 
I5.1 batch; extraction; laboratory; leaching; single; sludge; 

solid; solidified; testing; waste 
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the sarr.ple. Refrigerate sample at 4°C u;, to the time of analysis 
to mini:nize microbiological decomposition of solids. Preferably 
do n.:it hold samples more than 24 h. In no case hold sample 
more than 7 d. Bring samples to room temperature before anal
ysis. 

4; Selection of Method 

Methods B through F are suitable for the determination of 
solids in potable, surface, and saline waters, as well as domestic 
and industrial wastewaters in the range up to 20 000 mg/l. 

PHYSICAL & AGGREGATE PROPERTIES (2000) 

Method G is suitable for the determination of solids in sedi
ments, as well as solid and semisolid mate:ials produced during 
water and wastewater treatmer:t. 

5. Bibliography 

TtreluAULT, E.J. cl H.H. WAGENHALS. l!f.LJ. ::.tu01cs 011eprc..:r,1auve 
sewa,e plants. Pub. Hta/Jh Bw/. No. 132. 
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ical ~ysis of Water and W..st~s. Pub!. 600/4-79-020, rev. Mar. 
1983. Euvironmenial Monitoring 'Uld Suppo" Lab., U.S. Environ
mental Protection Agency, Cincinnati, Obio. 

2540 8. Total Solids Dried. at 103-105°C 

1. General Discussion 

a. Prim:ip/e: A well-mixed sample is evaporated in a weighed 
dish and dried to constant weight in an oven at 103 to 1D5°C. 
The increase in weight over that of the empty dish r~presents 
the total solids. The results may not represent the weight of actual 
dissolved and suspended solids in wastewater samples (see above). 

b. /,uerferences: Highly mineralized water with a significant 
concentration of calcium, magnesium, chloride, and/or sulfate 
may be hygroscopic and require prolonged drying, proper des
iccation, and rapid weighing. Exclude large, floating particles or 
submerged agglomerates of nonhomogeneous materials from the 
sample if it is determined that thei.t inclusion is not desired in 
the final result. Disperse visible floating oil and grease with a 
blender before withdrawing a sample portion for analysis. Be
cause excessive residue in the dish may form a water-trapping 
crust, limit sample to no more than 200 mg residue (see 2540A.2). 

2. Apparatus 

a. Evaporaring dishes: Dishes of 100-mL capacity made of one 
of the following materials: 

1) Porcelain, 90-mm diam. 
2) Platinum--OeneraUy satisfactory for all purposes. 
3) High-silica glass.• 
b. Muffle ftimace for operation at SSO"C. 
c. Steam bath. 
d. Desiccator, provided with a desiccant containing a color 

indicator of moisture concentration or an instrumental indicator. 
E. Drying ove11, for operation at 103 to 105°C. �
f Analytical balance, capable of weighing to 0.1 mg. �
g. Magnetic slirrrr with TFE stirring bar. 
h. Wide-bore pipers. t 

3. Procedure 

a. Preparatio11 of tvaporaring dish: If volatile solids are to be 
measured ignite clean evaporating dish at 550-C for 1 b in a 
muffle furnace. If only total solids are to be measured, heat clean 

• Yya,r. produa ol Comina Gla8 Works. Coniill&, N.Y.• or aqulvalcct. 
t Kimble Nos. ~ or 310)4B, or equivalcJlt. 

dish to 103 to 1D5°C for 1 h. Store and cool dish in desiccator 
until needed. Weigh immediately before use. 

b. Samp~ analysis: Choose a sz.mple volume that will yield a 
residue between 10 and 200 mg. When very low total solids are 
encountered (less than 10 mg/L), lr:ss residue may be collected; 
compensate by using a high-sensitivity balance (0.002 mg). Pipct 
a measured volume of well-mixed sample to a preweigbed dish 
and evaporate to dryness on a steam bath or ;n a drying oven. 
Stir sample with a magnetic stirrer during transfer. If nece$S8ry, 
add successive sample portions to the same dish after evapora
tion. When evaporating in a drying oven, lower temperarure to 
approximately 2°C below boiling to prevent splattering. l..>ry 
evaporated sample for at least 1 h in an oven at 103 to lOS"C, 
cool dish in d~iccator to balance temperature, and weigh. Re
peat cycle of drying, cooling, desiccating, and weighing until a 
constant weight is obtained, or until weight change is less than 
4% of previous weight or O.S mg, whichever is less. When weigh
ing dried sample, be alert to change in weight due to air exposure 
and/or sample degradation. Duplicate determinations should agree 
within 5% of their average. 

-4. Calculation 

total solids/L • (A - B) x 1000 
mg sample volume, mL 

where: 
A • weiaJit of dried residue + dish, mg, and 
B • weight of dish, m1. 

5. Precision 

Single-laboratory duplicate analyses of 41 samples of water 
and wastewater were made with a standard deviation of differ
ences of 6.0 mg/L. 

6. Bibliography 

SYMOSS, G.E. & B. MOREY. 1941. The effe,,.1 of drying time on the 
determination of solids in sewage and sewage sludg~. Sewage Works 
J. 13:936. 
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2-53 SCUDS (2540)/lntrodudion 

2540 

2540 A. 

The terms "solids," "suspended," and ''dissolved," as used 
herein, replace the terms "residue," "nonfiltrable," and "fil. 
trable" of editions previous to the 16th. Solids refer to matter 
suspended or dissolved in water or wasteWater. Solids may affect 
water or effluent quality adversely in a number of ways. Waters 
with high dissolved solids generally arc of inferior palatability 
and may induce an unfavorable physiological reaction in the 
transient consumer. For these reasons, a limit ofSOOmgdissolved 
solich'L is desirable fur drinking waters. Highly mineralized waters 
also are unsuitable for many industrial applications. Waten high 
in suspended solids may be esthetically unsatisfactory for such 
purposes as bathing. Solids analyses ue important in the control 
of biological and physic::al wastewater treatment processes and 
for assessing compliance with regulatory agency wastewater cf

. - Ouent limitations. · 

1. Definitions 

"Total solids" is the term applied to the material residue left 
in the ve:.scl after evaporation of a sample and its subsequent 
drying in 'an oven at a defined temperature. Total solids includes 
"total suspended solids," the portion of total solids retained by 
a filter, and "total dissolved solids," the portion that passes 
through the filter. 

The type of filter holder, the pore size, porosity, area, and 
thickness <'f the filter and the phr,;ical natutt; particle size, and 
amount of material deposited on the filter arc the principal fac
tors affecting separation of suspended from dissolved solids. 
"Dissolved solids" is the portion of solids that passes through a 
filter of 2.0 µ.m (or smaller) nominal pore size under specified 
ainditiolli. "Suspended sclids" is the portion retained on the 
filter. 

"Fixed solids" is the term applied to the residue of total, 
suspended, or dissolved solids after heating to dryness for a 
specified time at a specified temperature. The weight loss on 
ignition is called "volatile solids." Determinations of .fixed and 
volatile solids do not disting,Jish precisely between inorpnic and 
organi.: matter because the loss on ignition is not confined to 
organic matter. It iDcludes losses due to decomposition or vol
atilization of some mineral salu. Better c:baracterization of or
ganic matter can be made by such tes:.s as total organic carbon 
(Section 5310), BOD (Section 5210), and COD (Section 5220). 

"Scttleable solids" is the term applied to the material settling 
out of susy,cnsion within a defined period. I, may illdude floating 
material, dcpendiug on the technique (2540F.3b). 

2. Sources of Erro, and Vanabmty 

Sampling, subsampling, and pipeting two-phase or three-phase 
~p'.: ~ 1:-...y ;n~;~J·1~ serious errors. Make and keep such sam

souos· �

Introduction 

pies homogeneous during transfer. Use special handling to insure 
sample integrity when subsampling. Mix small samples.with a 
mapetic stirrer. If suspended solids arc present, pipet "ith wide
bore pipets. If pan of a sample adheres to the sample container, 
consider this in evaluating and reporting results. Some samples 
dry with the formation of a crust that prevents water evaporaoon; 
special handling· is required to deal with this. Avoid using a 
magnetic stirrer with samples containing magnetic particles. 

The temperature at which the residue is dried has an important 
bearing on results, because weight losses due to volatilization of 
organic matter, mechanically oc:cludcd water, water of crystal· 
lization, and gases from heat-induced chemical decomposition. 
as well as weight gains due to oxidation, depend on temperature 
and time of heating. Each sample requires close attention to 
desia:ation after drying. Minimile opening desi~tor bcca~ 
moist air entel"S". Some samples may be stronger desiccants than 
those used in the desiccator and mav ta.kc on water. 

Residues dried at 103 to 105°C ~y retain DOI only water of 
crystallization but also !IOme mechanicallv occluded water. Loss 
of CO2 will result in conversion of bi~nate to carbonate. 
Loss of organic matter by volatilization usually will be very slight. 
Because removal of occluded water is marginal at this temper

_aturc, attainment of constant weight may be very slow. 
Residues dried at 180 :!: 2"C will lose almos: all mechanica1Jv 

occluded water. Some water of crystallization may remain. d
pecially if sulfates arc present. Organic maner may be lost by 
volatilization, but not completely destroyed. Loss of CO. resulu 
from conversion of bicarbonates to carbonates and carbonate~ 
may be deaimposed partially to oxides or basic salts. Some chlo
ride and nitrate salts may be lost. lo general, evaporating and 
drying water samples at 180"C yields values for dissolved solid5 
closer to those obtained through summation of mdivid'.lally de
termined mineral species than the dissolved solids values secured 
through drying at the lower tcmperaroe. 

To rinse filtc~ and filtered solids and to c!ean labware USt 

Type m water. Special samples may require a higher qualit} 
water; see Section 1080. 

Results for residues high in oil or grease may be ques:ionabk 
because of the difficulty of drying to constant weig.ht in a rea
sonable 1ime. 

To aid in quality assunnce, analyze samples in dupLcate. Dry 
samples to cmistant weight if possible. This means multiple drying
cooling-weighing cycles for each determination. 

Analyses performed for some special purposes may demand 
deviation &om the stated procedures to include an unusual con
stituent with the measured solids. Whenever such variations of 
techniqu.: are intro,j•1ced, recorti and prc~ent th"m with tlie r,.. 
suits. 

3. Sample Handling and Preservation 

Use resistant-glass or plastic bottles, provided that the material 
in suspension does not adhere to container walls. Begin analysis 

.0 
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Tkia alldard ii iaucd lladcr Ille lbaf tlaipllioa O 3171; 1M auaumbcr immedia!dy ~ 1111 desisuti011 mdicala Ille yur o1 
orillllll adoption or, i1I lbecaa olftYiliaa, tbe)'lllll olilll ,..;.iolio1L A aumbcrta~~ the ya, cllall r~val. A 
IIIPCl1CriPI epsilon(,) illdicua 1111 ldilocill cliaDF liDCll 1k 1Pt rt RYiaioa ar~ 

L Scope 
1.1 This practice covers the determination of moistuic, 

"IOlatile matter, and ash and the calculation of med carbon 
on c:oals and cokes sampled and prepared by pre,c,'bed 
methods and analyzed accordin& to ASTM established pro
cedures.. 

1.2 This sumdlJrd does not purport to address all of the 
"1/ety COncentS, if any, associated with its 11.!e. fl is the 
,uponsibilily ofthe user oflhi.r Jtandard to atablish appro
priate zaf'«y and heallh practi&es and det.m'nille w applica
bUil)I D/ rl!fIU/aJory limitations prior to ~

2. Re!ennced 00<:Ullltnts 

2.1 ASTM Standards: �
D 346 Practice for Collection and Preparation or Colee �

Samples for Laboratory Analysis2 
D 388 Classification or Coals by Rank2 
D 2013 Method or Preparing Coal Samples for Analysis2 
D2234 Test Methods for Collection ofa Gross Sample of 

CoaP 
D 3173 Test Method for Moisture in the Analysis Sample 

of Coal and Cokel 
D3174 Test Method for A!h in the Al!alysi.s Sample or 

Coal and Coke from Coal2 
D317S Test Method for Volatile Matter in the Analysis 

Sample of Coal and Cokel 

• nil sac:cice is Wider the~ clASTM Com.miUee D-5 1111 Coll 111d 
Cou u4 ii Uw: direct ra;,o1111"bility oC Subccmmiate DOS.ll ot1 Mc1lloda of 
Aal}'lliL 

Cllmnt odilioa tpptowd Sept, 29, 1989. ~ Fd:,r-, 1990. OriamaD7 
pa,tmlla:l•D Jl7l- 73.1.Mt pmioa, aditicll Dl17l-7J(1914)"'· 

2,f-1Jd~.4ST1tlSl4Nlard.J, Vol~.O,. 

3, Termlnoloa:y 

3.1 De/inilion: 
3.1.1 ~t analysis ofcoal and ccke-an assay or the 

moisture, ash, volatile matter, and fixed carbon ~ deter
mined by prescribed methods. Other constituents such as 
sulfur &Dd phosphorus are not included. 

4. Slplficance ad Ute 
4.1 Te:51 methods, u bcreiD described, can be used to 

establish the rank of~ show the ratio of combuso"ble to 
iDcombustmle constituents, provide the basiJ for buying and 
seilina. and evaluate for bencficiation or for other purposes. 

5. SamplfDs 
S.1 Coal sample collcction shall be in accordance with 

Sections 5 and 6 or Classification D 388, if the proximate 
analysis is to be used for classification of coal by rank. 1n all 
other cues, sample collection shall be in accordance with 
Test Methods D 2234. ~tion shall be in accordance 
with Method D 2013. Coke samplin& shall be in aa:ordance 
with Method D 346. 

6. Test Metlaods 
6.1 Mai.rim-Test Method D 3173. 
6.2 ..trh-Tcst Method D 3174. 
6.3 Yo/Jzzfll Mazur-Test Method D 317S. If the modi

fied procedure is n:q~, the report should show that the 
modified procedure was used. 

6.4 FlxN Ozrl,on-The fixed carbon is a calculated value. 
It is the multaot of the summation of~moisture, 
uh, and volatile matter subtracted from 100. All ~tages 
shall be on the same moisture reference base. 
Fixed cubo11,," • 100 - (mo~ 'lli 

+ ash. 'lli + volatile matter, 'JL) 

fflls..,,_,illa'1/f,t;IIO........,.-,. ..... a.,wpo....._tacltt*-'~adlllUllllt___,--,,,.,_ )'N'artd 
111111---. .,,,.~orwlllctwft.YOll_...,.,.IIMlld..,.,.l'Mllllfldlflllltllldlrdortoraddllonll~ 
ff lhOUld lit edit-med ll>ASJV I '11dqu1111fa. YOII OCIIIIIIIII*'• .. ,,_,,. ~co...-.i • a lllNChp «Ult~ 
ltlt:/wllml CICffllllillM, WluDJI yml,.,, lfllnd. ')'OIi,..,,,.,.,"--,_,.,,,..,,.,.,..1-tlg )'OIi lhould lllll'II Y"'K 
... .,_, ~ 100.,,,.,.,_~ I 4 l"A t"21.II lllleA$TM ~GIi ...ClalllWI 
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41 DesJgnatlon: 0 4239 - 97L 
L � Standard Test Methods for 

Sulfur in the Analysis Sample t of Coat and Coke Using High
Temperature T1i1be Furnace CC:ombustion Methods1 

L ' J. Scope 
1.1 These test methods cover three altc:mative proa:duR:s :s 

using high-temperature tube fuma~ combustion methods Is 
far tbe rapid determi?lation of sulfur in samples of coal and d 
coke. 

1.2 These test methods appear in the follolriDa order: 

Mditod A-Hip,Tan~ Combullloll Mellmd wilh Acid 
... 'T'lualian 0etcc\im, l'rooldll,a '" "", •. •. • • ••. •' 6 ID t 

1/dl,ud 1-H.ii•Tcmpcnllllc C'.ombLll&ion Mdhad wall 
lodimcldc T'1"11tion Dclcc:tion l'nlcl,dwa • , ••••••••• , • • 10 IO 13 

Mdltod C-Hi&b-Tcmpanl\lre Combmlioe Mcdlad.,. .la, 
hftd .Alaorp\ion Del.eCllon Prllceduns .. • • • • • .. .. • • .. • 14 IO 16 

1.2.1 When automated equipment is used to perform any .y 
oflhc three methods of this test method, the procedures can n 
be class11ied 2S instrumental methods. 1bcrt are ltYaal 11 
manuf.acturcrs th.at offer to the coal industry equipment with h 
m.ffl'Umental analysis capabilities for- the determination of>f 
the sulfur con1ent of coal and coke samples. 

1.3 This standard does not purport u, oddms all of1/w ~ 
safety C{)flUn'U, if any, associaied with ilS use. ll is the re 
mponsibilily of the user ofth is stJmt!Jud 10 atablish appr<>- ,. 
priau sofety and heallii practius and ,kunnine tM app/i&a· 1
bility ofr~ory limit.azions prior lo use. Sec 7.8 and 15.2. t 

2. Rd'eruced Documents 

21 A.STM StlJJuianis: �
D 34<i Practi ::e for Collection and Preparation of Coke :e �

Samples for Laboratory Analysisl 
D J J 93 Specification for Reagent Water! 
D 2013 Method of ~pa.-ing Coal. Samples ror Analysisl : 
D2361 Test Methoc for Chlorinc.u> CoaP 
D 3173 Test Method for Moisnue in the .Analysis Sample le 

of Coal and Cokel 
D 3176 Practi~ for Ultimate Analy.sis orCoal and Coke2 2 

D 3180 Practice for Calculating Coal and Cou Anafy!es ~ 
from As-Detennined to Different l!aser 

D4208 Test Method for Total Chlorine in Coal by theie 
Oxygen Bomb Combustion/Ion Selective Eectrodele 
Method1 

04621 Guide for Accountability and Quality Control inn 
the Coal Analysi! Laboratory2 

• Tbis rat method is ~ Ille jurisdiction alAS™ ~-o., cm Coal ,al 
11114 Coke Uld i:, tbe :!ir.r:t r.spom,'biliiy olSllbccmmillcc DOJ.21 aa Mdllodl d tL 
AazJ,-. 

~_.r.en• eJiti-,n ~f'!'l,n,cd Jw,e 10, 1997, l'lablisl:ed May IHI, ~117 
j/Ublislied • � D 42J9 • U. Last prcviow cdltioll D 4239 -k. 

a..4-1 Book qfASTM ~ Vol 0,.0$. 
J ANtlUI! bk ofASTM Sumdartb, Vol J1.01. 

D5142 Test Methods for 1be Proximm ADalysis oftbc 
Analysis Sample or C.oal ad Coke by lnstrumesUal 

. �Proccdma2 

3. 5mmmrJ flf Teat Metbods 
3.1 Mmwd A-High-Tempenztun Combustion Aldhod 

w/Jh AcitJ.Bost TUl'tllkln D&alon Prottduro-A Miped 
sample is bUJDCd in a tube fwuce at a minimum opera&ing 
icm~ or 1350°C in a scream or oxyp.. Durina 
combustion, all sulfur a,ntained in the sample is oxidized to 
~us olddcs or llllfur (sulfur dicmde, ~ and sulfur 
trioxide, SO.s) and tbc cblorine in the sample is Rleas:d as 
O:i. These products are then absorbed into a 10lution of 
hydrogen peroxide (HA) wtwe they dmolve .formma
cfil:ute solutions of IU!furic (HiSC),J and hydrochloric (HQ) 
acids. The iraaatitics of both acids produced an: directly 
dependent upon the amounts of sulfur and chlorine present 
in the oriamal coal sample. Once the amounts of each acid 
present have be= determined, the pc:rccm1gC of sulfur 
contained in the coal may be caladated 

3.1.1 This method is wriucn io indude c:ommm:ially 
available sulfur analyzers that must be ca1iln1cd with 
appropriate standard reference matc:rials (SRM,) to establish 
recov=y facton or a calibration curve based on the anse of 
IUlfu.r in the coal or coke samples bein&.analyzied. 

Non 1--Elcmalta ardimr:ily i:iraem m-1 do IIOl m~ m 
Method A (3.1), widl the aceptioD ofQlormc; rr:mJls mast be c:oa1'ded 
for cbloriDe C01W:11t olthe amplca (9.1).. 

3.2 Met/rOti B-Hizl,.Tempmztvrt Combumcm MethDd 
wult Icdimetri& Dn«tion J>rocdun:s.:....A weighed sample is 
burned in a tube furnace at a minimum operating kaipcn· 
tun or I 3SO"C in a stream ofoxygeu to ensure the oxidation 
of sulfur. The combusaioa produca arc ablmbed in at1 
aqueous solution that contains iodine. Whea sulfur dioxide 
~ scrubbed by the diluent, the trace iodine originally pracnt 
m the mhmon is reduced to iodide, thus causing an inacasc 
in rcsistan= The dcf.cction system ofthe iDstrwncnt consists 
of & polarized dual platinum clecttode. Any change in 
resimDcc of the IOlation in the vmel. is delcded. Iodine 
titrant is 1hen added pmportio121Ily to the reaction ~ 
unnl the trace c:;;c:ess ofiodine is replenished and the solution 
resistance u reduced toils initial level. The volume oftitn.nt 
~c'"(f ;_.. 11,~ '" "llt"''~ the 111lA,r ~l"""IJ'trinn 'lffh,
samplc. The method is empirical; therefore. the apparatus 
must be calibrated by the use of IIWldud rcfer=cc materu>J 
(SRM). 

3.2.1 This mdhod is dcsi&ned io be used with ~
c:iaily available sulfur analyzers, equipped to pc:rfonn the 

· preceding c,peration automatically, w1 must be c:a1ibrUed 

N-317 

http:oftitn.nt


0 D4:4239 

with an appropria%e sample (5.4) based on the ranze orsulfur 
iD each coal or coke sample a.naly.cd. 

'Hem 2-Nonauronwlc sy11ems may be used wall ii,e litntion 
proccdum ~ cakubtions pen'ormed ltWIUllly by quallfied labomocy 
~ The resullin1 loa in ao:uracy or speed, or both, would then 
waep1e ~ adY1101.2&CS or m 1 1hc fully mo""'°' imlrurnt..111 
approadL .. , ' 

3.3 Met.hod C-High-TtmlH!'alllft Combwlion Mnlwd 
wiih In/rared Absorption Dlfedion Pracedruu-~ .sample 
is burned in a tube furuace at a minimum operatina 
iempcn.iurc of' 1350-C in a stream of0X)'Fll to oxidize the 
sulfur. Moisture and particulates are RmO~ from the P5 
by traps filled with anhydrous mapcsium pczchlorate. The 
ps strQm is passed throu&h a cell in which sulfur dioxide is 
measured by an infrared (IR) absorption detector. Sulfur 
di.oxide absotbs IR enef1Y at a precise Wln'dc:ogth within the 
lR spectrum. EnerJY is absorbed as the ps pmes through 
tbe cdJ body in which the IR energy is bein& transmincd: 
thus. at the detector, less energy is received. All other lR 
cncq;y is dimiuated from reach.ini tM detector by a precise 
wavelen&lh filter. lbus. the absorption or 1R ener&Y can be 
attributed only to sulfur dioxide whose concentration is 
proportional to the chansc in energy at the derector. One cell 
is med as both a rc!'eruce and a measun:ment chamber. 
Total sulfur as sulfur dioxide is detec:ti,d on a continuous 
basis. This method is empirical; therefore. lhc apparaius 
must be calibrated by the use of SRMs. 

3.3.1 This method is for use with commercially available 
sulfur analyzers equipped to carry out the preceding opera
tions automatically and must be cah"bratcd using standard 
reference material (coal) of known sulfur ~nt based on 
the range of sulfur in each coal or cake sample analy%ed. 

,4. Siplf"JCUCe and Use 
,.1 Determination of sulfur is., by ddimticn. part or the 

ultimate analysis or coal. 
4.2 Rt:sults or the sulfur analysis are used to serve a 

number of in~ evaluation of c:oaJ prq,aration, evalua
tion of' potential sulfur emissions from coal combustion or 
conversion proc::cs.ses. and evaluation of' the coal ctuality in 
relation 10 contract specifications, as 1l'Cll as other Kientific 
purposes. 

4.3 The instrumental analysis provides a rdiablc, rapid 
method for determining the concentr.dion ofsulfur in a lot 
or coal or coke and are especially applicable when results 
must be obtained rapidly for the successful completion or 
industrial, beucficiation, tmde, or olher ewluatiom. 

S. Semple 
5.1 The ample shall be the mat.crial palverizcd to pus 

No. 60 (250-sun) sieve and mixed thorou,hly in accordance 
whh Method D 2013 or Practice D 3'46. 

Narr 3-lt inay be dif'&:llll to !Deel die prccmGII llalallalts of 
Sectlaa 19 wbaa biah m.inall connt c:oala an lfOllllll 10 paa 60 mall. 
WIICll the sncmon of analysis roquiml caaoc be ~ ll la 
IICDCMlellded Chat tbe CDlb be FOlffid III PIii 11nu1b a No. 100 
(1'°11,111) ~ Tbc ndaced panide 1ize lbclllkl nmlt ia I IIDCft 
IKwo11 IIOIIS Jllllpie. 

5.2 A separate portion of the analysis sample should be 
analyzed for moisture content in aa:ordaDc:e with Test 

· Method D 3173, so that calculation to other than the 

1 as-detcnnincd basis car. be made. 
5.3 Procedures fur coavm:i::g a!-oit':::-:-:.::_.,~;. ~-~ic.: ~'v.J 

1 obtained &om the analysis sample to otbcr bases are do
t sc:ribcd in Practices D 3176 and D 3ld0. 

5.4 Standard Reference Material (SRM) such as SRM 
l Nos. 2682 through 26!5-S:l(fiu' ui '-UCU' wwui consz.sx 01 

I four dilfcmi1 coals that have been individually cr.isbcd and 
1 pound to pass a 60-mesb. sieve, IU1d bottled ir. SO-s uuits, or 
c other commercially available reiercnce coals with a certified 
1 sulfur content. 

METHOD A-IDGH•TIMPEaAni.E COMJruSnON �
METHOD Wl'lll .AQD.BASE fflltATIOl"i DED:CTION �

·ftOCEDllllE:&' 

t 6. Apparatm 
6.1 TUM F~le of heatina 150- to 175-mm 

1 area "(hot zone) of &he cccbustion tube (6.2) 10 at least 
. 1350"C. It is usually healed electricaDy usma resistance rod!, 
I a resistance wil8, QI' mol)'bden1!m di.silicide ~cmtll~ Spe· 
, cific dimeasions may vary with manuw:twTr'j dt:Sign. 

Non 4-IDdDdioD furmcc leduslq1ICI mr1 be u,ed ::,ro"Kled i1 caa 
I be lbowll tmt tk7 lllllel 1he pm:ision nqu!l'IIIICllb or 5eciioD 19. 

6.2 Combwtlon TMM-ApproLmatdy 28-om intcmal 
c diameter with a 3-mm wall thickness and 750 mm in lenglh 
J made of' s,orcclain, zin:on, or mallite. It must be pstight at 
, working tcmpcralme. The combustion may be carried out iD 
a a tapered-end tube that is closely connected to tbe gas 
a absorber by 1uJb temperature tubing with pstiah1 joints. 
, Accepw)le c:oafiamations include connectina the tapcn:d· 
c aid tube directly to the elbow o! the rritted ps bubbler or to 
a a 10/30 standard taper.pound joint that is attached to abelt 
J zaistant pa.u dabt ID&lc bend. The tcmpenrtare at me 
1 1llpcred aid ofdie tube should be maintained high enoup to 
J prevent condemadoa in the tube itsd!. 

6.l.1 Alternatively, a hi&h-tcmpcnturc sttaight ttfractory 
t tube may be used, it available. It requin:s a silica adaptor 
( (6.11) with a Oared end that Im inside the combustion tube 
1 and serves u an em for the pses. 

6.3 Flowml!u,, b me:uurina an oxygen now tate up to 
: 2.0 LJmin. 

6.4 StllftllU Canbmtion 11oau. mmt be made of iron-me 
1 matmal and ofa coavaticnt size aunablc ror the dimensions 
C of the mstnunal1 bciq med. 

6.5 Boat Pulkr--Rod of' a heat-resistant m&t.c:rial with a 
l bent or disk end 10 imcrt and remove boats from the 
( c::ombustioD tube. 

6.5.1 Ifthe boat puller is 10 remain withw the c:ombustion 
I tube wbiJe the boat is JDO¥ed into lbe hot zone, it is necessary 
I tlO PIii die puller throqh I T.piece that is tiued into a 
1 rubber ltopper at di& inlet of the combustion tube. The open 
c ead of the T-pia:c is IClled with a rubber srop:>er 10 permit 
1 m«Mmcnt or1bc pasbc:r and prevent ac:ape or 111e OXYJC11 

l 
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••••1101 
FIG. 1 Apparalla Im Iha Detanrm-llon al IIMur U.,. Acid lue Tllrllllon 

·that enters at the side limb of the T. ·The rubber stopper or r 
tu.be should be checked often to avoid .leabge. 

6.6 Gas Absorber or A.rralyur T,ualion Ymd-A narrow Y 

-vmcl of such diameter that the cod of the tube &om which 1 

the gasses exit is inside the vessel &Dd subm~ to a depth 1 
of at least 90 mm, when 200 ml of the peroxide solution l 
(7.4) is added 1.0 the vessel. 

6.6.1 Alternatively, 125-mL capacity bottles with friucd 1 
disk atn be wed for gas absorption. The boU1cs should be of f 
such a diameter that the fritted end is covered by the e 
pero~dc solution to a depth of at least 50 mm. The fritted i 
glas.s end porosity sbould be l S to 40 µm. The bottles are e 
fitted in a seri~ of two to the outlet end of me combustion 1 

tube. 
6.7 Ga3-Purifyi,rg Train-Designed 10 be used with spe. 

c:ific instruments, or a U-tubc packed with soda asbestos may 'f 

be used. Sec e~nfiguration in fig. 1. 
6.8 Vacuum Source-Needed if a negative pressure is s �

used to transport the ia.s5CS and combustion prod\lcts s �
through the system. �

6.9 Vacuum R~ing Bottk, containing mercury with 1 �
an open-ended tube di;;piog into the mercwy, used with a a �
vacuum source. �

6.10 Siliet1 Adaptor, 300 mm long by 8 mm in outside e 
diameter and flared at or.e end to 26 mm. To be used with a a 
straig'1t t"'iractory combustion tube. · 

6.11 Other C,nfigiuatio'IS of.Appararus---0,mpl~ su1fur r 
analyzer as.5er.Jbly units designed to J)Crform functions sim- .• 
ilar to this method, with automated features that perform the e 
sulfur analysis in a more rapid manner are commerclally y 
a\'IU1able. These instruments may have combustion tube e 
dimensions and oxygen purifying apparatus that diil'cr ~ 
slightly fr:>m those described in this method, but ~ accc:pt- ~ 
ablr., provided equivalent values within the precision stall> ,
ment of Section 19 arc obtained. 

7. Raamts 
7.1 f-wity ofReagents-Reagent grade dlcmieals shall bee �

1:.Se:. 111 2..11 ,t~~ l.:oJess otherwise indkatcd, it is intended d �
that all reagents shall confonn to the speci(ications of the e �
Committee on Available Reagents of the American Chem- 1

3 
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ical Society, where such specifications are available.' Other 
padcs may be used, provided it is first ascmamed that the 
raaent is ofsufficiently high purity to permit its me without 
lessening ~ accuracy of the de1crmination. . 

1.2 Purity of Waur-Unlm otherwise indicated, Rifer~ 
ences to water shall be unde:stDod to mean rcaa=t fltt:r, 
Type IV, ccnformiiia to Spec:lficmlon D 1193. · 

7.3 .A.lumuaun Oxilk WPJJ-fmdy divxlcd and dried at 
1350-C. 

7.4 Hydrogoi Peroxuk (Hz()i) Schllion-Onc volume 
pera:nt (SO mL of30" H20i with 1450 mL ofwater). The 
pH ia acljumd (IISU2& NaOH or H~o. as *PP•Optia.te) 10 that 
which is used fer the end point in the titration. Solutions 
sbowd be discarded after two or three :.• · 

7..5 lntfiC%UOT-1Ddica1ors that change color (titration end 
point) between pH 4 and Sare recommended, bot in no case 
should the pH exceed 7. Adequate lightina and sarriJ1g to 
ensure proper d.ctec:tion. or the end point is essential. A 
choice of indicators or use of a pH meter is permiucd (Note 
S). Directions for preparing two acceptable mixed i.nclic:ators 
IIR AS f'oDows: 

7.5.1 Mix 1 put methyl red solution (dis.,ol-ve 0.125 g iD 
60 mL or ethanol and dilute to 1oo mL with -warer) witll 3 
parts bromaesol arccn 10luticn (dissolve 0.0831 in 20 mL of' 
cthailol and dilute to I00 mL with water). Discard the mixed 
solution after 1 M:Ck. 

7.5.2 Ma equal volumes of methyl red solution (dis.,olve 
0.125 Im 60 mL of ethanol and dilute 10 100 m.L with 
water) and methylene blue solution (dis.,oJve 0.083 gin 100 
mL ofClhanol and store in a darlc pss bottle). Discard the 
mixed solution after J week. 

Nora '-Althovp lWO ~ iDdbu,rs or I pH melO' method 
are dacribed, 1lle me ot tbe pH meter ls a.cc:epted a lllCft ddini'li,ie of 
1he aid poim of die tlln%ian procm IJld coudcrcd ID Jive D0l'C 
~lllca:mlll. 

7.6 Soda-A.shutoJ, 8 to 20 mesh, ifa U--tubc is med. 
1.1 Sodivm Hydrox:lu. Standard Solution. OMN-Dis,. 
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10lve 2.05 a or sodium hydroxide {NaOH) in water and 
dihuc to l L. Standardize against a primary standard. 
- 7.J Oxygm, 99.5 CJr. .Pur~mpressed gas contained in a 
cytiDdcT' equipped with a suitable pressure iquJator and • 
mc:dle valve 10 control p.s flow. Waaufu&--Pure OX)'ICQ 
'Vigorously acceleratt', combustion. All regulators, lines, and 
ftlves should !,e free or crease and oiL 

I. Proeldme 
8.1 Assemble the apparatus, u ~ by the insan1c

tions of the instrument manufactun:r. Altmwively, me 
apparatUs shown In Fi&- l can be assembli:d Qcept do D.Ct 
iDitiaDy connect the rubber tube from 1be oxyaen supply to 
tbc ,oda asbesult U-tube. 

8.2 Calibration-Sulfur analyzcn must be c::alibIUed at 
least once on each· day they ~ used. following the analysis 
procedure outlined ill Section 8, using ccal or coke st.andard3 
(5.4) with Nlfur values in the range of the samples being 
analyzed. A recovery factor (.FJ or calibration cum: must u 
established aid appropriately used in each calculation. 

F. �Actual Sulfur in St&Ddard, Dry Basis 
AUlyzed Sulfur In SWwmd, Dry Basis 

8.3 Fuf'llllt:l6 ~-R.afsc the 1c:mpcature of 1be 
furnace 10 at least l35<rC. Brina the tempemwe 11P alowly, 
allowina apJ:1rOXimatdy 3 to 4 b in advance. to allow 
IUf&cicnt time to come to • stable tcmpemure. Be ~ to 
cbec:k the manufacturer"s instructions for misiq the tanper
atule ottbe furnace and heed any precam:ions fbr pcotecdna
beatina elements &om deterioration or tbcrmal shock. 

8.4 TllTalion Yam Prtparcuion-fiI 1bc riaadon vessel 
in ICCOtd.an0e with the man~s instnu:aons with 
appnwmately 200 mL oftbe ps absorption fluid (hydrogezl 
penmde) (7.4). Adjust the pH of the aohltima to make it 
definitely acidic by adding dilute sulfuric acid. JI cbemical 
iDdicarors Cmstead or a pH meter) are med, add 5w or six 
drops of tbc indicator and then add a very small quantity (u 
required) of dilute sodium hydroxide (NaOH) to reach the 

e md point color that will be developed in the sulfur analysis. 
l.4.1 It die apparams with two ps absor,,tion bonies is 

v used, add 100 mL of I ~ H20z (7.4) to the bottl~ w that at 
k least 50 mm ofdie fmtcd disk is covered in the lim bottle. 

8.5 Ox,,gm Flow-Connect the oxn=n supply and adjU!t 
11 the m]IICD Dow to approximately 2 1../rnin with the oxygen 
b baffle inserted in tile emranc:e end of the ccmbustioa tube. 
EBe sure to cbedc manufacturer's instJuctions. ·fbe flow rate 
• at the temperature ot 1350°C should be sufficient to pre.vent 
11 the formation ofoxides otnitrosen- Allow the oxyp::n to flow 
11 1brougb tbe combustion tube for at least 1 min before 
ii mse.rtini any sample. Oieck the system for any possibl.: 
lileaks. 

L,.1 It a 'laCQUJD source is used, draw air tbrouah the 
a apparmzs at ab.out 350 m.L/min. thm connect the oxygen 
1 supply to the U-mbe ud a£ljust the ra1e of flow ofthe oxygen 
" to 300 ml.Imm. nc 0ow n1e is adjusted by changing the 
d depth orthe peneuation into the mercury ot the opell-endeci 
I a)ass tube in the 'dCU1lm re,ula1ing bottle. The preliminary 
i !Mljustmcnt to 350 ml/mill of air emures that the connec
t tions at the O\lt1ct end ot the combustion tube me under 
s aJiah11y J:edw:ed imema1 preaure and no leak ofcombustion 
, products sbould occur. 

Nan 6-A llllliald ~ lrliD 111ml be estlblbbed wiih m 
a adlq1llte Jloi, of~300 ~ of pure acid..fn,e CIX)Pl) 

',slarllCI llllbzilllllmpia•11ie~niab bal ac:,c,omplbbai
d GliDI tbc period Ibo biab 1 DpcrU1aft tuhe lmwc ii bloUlbt to its 
I Cllllftbl -mu& of 1350'C. TIie ftlQUired pl !low may be
••ra,,t t 'by .. - ol 111111ml IJllanal ~ or ..id the 
I -J6cllmr JIIICI), o, diil Gpmlm' pnl:r, ft CU be obcaiDaS by the 
, -ora palisi¥e ,._,. 1Dia cpaalld at llip1iy ~ IIDIOIPhcric 
S: ,._... ID ollClill Ille IIIQlmell axn,m Gow r.t"- Ill aB c:a,es, chc 
• lllllndimia ol 11111 mnu6c::tttftr ofdie ~t sllawd be lbllowed. 
1 Tbillllo lOl)liestodlllllddmaiao/lllllic:imt paamorplicn Bmd aswdl 
a • ID dll..aably oldie..,.._. 

1.6 Anal,suSampkSia-Weip out 0.5 I oftbe aaaJysis 
1 maple to the neuat 0.1 ma for coals containing up to 4.0 '5 
1 sulfur; and 0.251 to the aearest 0.1 m, oranalysis :;ample for 
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a,als cootainiog over 4.0 % sulfur. Spread the sample evenly f �
in a combustion boat. �

8.6.1 A ciin layer of AJ20 3 CUl be wed to line the sample ! �

boat and·covcr the sample to ensure complcic combustion 1 �
and •oe splatt:riog or loss ofsample. . � ~+HA-H~..

8.1 $ample Combustion-Remove the oxygen baffle or r Cla+HA-2HC+O:rubbc:r. stopper or both from the combustion tube and put t 
the clwgec: sample boat into the inlet end oftbc combustion 1 8.8.1 Iflhc comnts of the ps absorption bottles mmt be 
tube, ilpproximately 270 mm from the c:cntc:r oCthe combus- • 1ransfcrrcd to a suitable titraticn. flask. be 11ft to wash 1bc 

bottles and inlet tube or silica adaptor wish wan:r (7.2) andtion tube hot 1(loc. a~ the combustioo tube by rq,lacing 1 
add these washings and five or six drops of mdicaior to thethe oxygen baffle or rubber stopper or both and, if necessary, • 

readjust the rzte ofOow of the oxygen. Leave the boat in this s titnmon flask before litratin& with the O.OjN NaOH solulion 
(7.7).position for J to 3 m:n until the volatiles have been driven 1 

8.8.2 ~ combustion. acid/base titmtion.off. This will also eliminate the "poppi.n(' and soot accumu- • 
sulfur &Dalyzer.s may be dcsignrxl to ~ a bum iadinglati.on in the right angle bend. Remove the oxygen baffle or r 
directly in peroem sa1fUr content of the coal sample, bat a rubber stopper and move the sample boat slowly forward J 
c:omction still must be made Cor acidity an1Sl:d by chlorineuntil the boa: is in the ceotc of the hot z.or:.c, approximately / 
P~in the sample usin&.Test Methods D 2361 or D 4208. 30 mm at the beginnm*i or c.:ch minute for 6 min is the ! 

_ suggested schedule to ensure a slow .beatbg rate. Be sure to > Non 7--011= ao comdioa ia mack for the pracna:dcbloriae iD 
R;movc the boat puller from the hot zone and replace the ! 1he am;ilc, or I pm:en- Y1NC (foaDd II I Jdatndy iaYlriam Y1bJe 
bafte or stopper after czcb movement. Allow thc·sample 10 > bacd 1lpall pdor ~ d die c:u bcma aalyzat) ii .aimncs.ed 

l'Om die per0Clll mlfur cleU:rmlJled. Tllia mdbo4 c:an lie~f.orbu."'?1 in tt:e hot zone fer approximately 3 to 4 min until all I au or bow!I daJoriDc c=te:111; ~. 1r 'IIOrt or t1ic hiahcstsulfur in the sample is oxidized to IU1fur dioxide (SO~ or r accmacy, the JlllrCCIISl&e or c:llloti= pnllCllt in die ample mmt be
sulfur trioxide (S03). The compkt: sample burning time is s determiud am!ydcally, ad c:cma:doll far lb ]IRlellC2 made by 
not more than 14 to 15 min. This beatiDg program has bccll 1 ~ a eqamleat ~ from a ftlue eqUMlazt ID die total 
established f.:,r all ;ypes of coal. Where it is sb.ortcncd for a l acidi.1y ddctmb.ed by Ille lll1fur tbmlOQ. 
particuJar coal or by instructioo of the ma.nu.facturer or a a 
p.rtic:.l!ar sulfur a::ialyzer, results should be checked q:aimt t t. Ca1aaJadons 
those obtffllcd lJt using tltc lonicr heating schedule. 9.1 Some mifbr analyzm are designed to live buret8.7.1 lfthc rubber stopper with Cle T.picce is used (6.5.1), , readings in percent IUlfut, if the titrant is adjusted aDd
the rubber stopper remruns in the end of the combustion l lltandardized to ~ O,J:,SN and the sample weiabt is_:... ~-~ .: ... :.,,,._. .,_::..:. :.S permitted movcme:il into the : 

. c:uctly 0.500 a. After the obsetvcd" percent sulfur ha., been
furnace through the T-piece. See Fig. J. adjusted nma the recovery filctor or calibration curve, thenv: T.rrarfon -Tu,:. ~ of combustion leave the com• • it must be comctcd for chlorine usin& the following caJcwa
b,1~if'l'l ~~ ,t,r,i·J;m the e:dt end aDd arc dissolved in 1he : tion:
hy:.:.ro¥,1:n ,l)Croxide in .he gas absorption bottles or analyicr r 

S~ • 1.603 (SJ,/1 .603 X F - C, '5/3.546)1itrati->n vessel formiog a dilute sulfuric acid. Titrate the : �
cooteots oi this \·essel with 0.05N sodium hydroxide (7.7), , where: �
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Sr • sulfur corrected for chlorine (as detmnincd), "; �
Sb • sulfur from buret reading, 'li; �
F • the recovery factor or factor taken Crom a calibra· �

tion curve for the analyzer; and 
O. "• chlorine in sample (as determined), '6. 

9_: ~-• t.L.:.:;,7.;.:t :h.t &re dc.s'~;,.;. 1,1,t :;un:,~ t·.:S.::.:;,;; 
in percctlt sulf'ur, but whet,: the normality of_1bc titrant. or 
sample weight rnay vary from that prc,cn'bed,. the followms 
c:alc:ulation must be used: 

s. • 1.603 ((St>< N1 x F ,c 10) - C. "f3.J.46]/W �

where: �
Sr • sulfur corrected for chlorine (as determined). "; �
S,, • sulfur taken from burtt n:adina. "; �

• normality of\he sodium hydroxide: N1 
F • �recovery factor or factor taken from a calibration 

curve for the analyzer; 
O. " • chlorine in sample (as determined), "; and �
w • weight or sample, a. �

9.3 When sulfur anal~ are used that have buret 
readings in ms1lilitres oftitrant, the following calculation will 

· apply: 

where: 
Sc • sulfur corTCcted for chlorine (u determined), 'Hi; �
s,, • sulfur taken from buret rcadiug. "; �
V, • sodium hydroxide, mL; �
N1 • normality of sodium hydroxide; �
a, % • chlorine in sample (as determined).. 9(,; �
F • the recovery factor or factor taken from a call"bra· �

tion curve for the analyzer; and �
W • weight of sample, g. �

ME'THOD B-HIGH-TEMPEJlATUll COMBUS'nON 
MmiOD wrra IODIMETJUC rnv.noN DETEC110N 

PROCEDURES 

10. Appantm 
10.1 MiZ!ytical Apparatus-Designed. 10 perform the 

analysis procccfure dcscn'bed in 3.2 automatically. 
Non I-It ii ctc0mmendcd that Uic ana!ycic:a1 equipmat be 111 

uuocaat.ed sulfur analyzer. Othefwise, the ~ ud limitations 
siWD in Note 3 rar nonautomat.ed sysrcms apply. 

10.2 T,,be Funuzu-Sce 6. I. 
10.3 Combustwn Tubt'--M.adc of muDitc, porcelain, or 

zucon, approxjmately a 27-mm inner diameter, a 33-mm 
outer diam~, and 7SO mm in len,th. with the last 23 mm 
ofme e1it end reduced to 10-mm outer diameter and S-mm 
inner diameter to facilitate exit and collection of the pses in 
the titration ¥CSSe1. 

10.4 Somp~ Combustion Boa:s-See 6.4. �
10.5 Boat Pulltr-5ee 6.5. �

11. R.agents 

!1.1 Purity ofRtagtltlS-5ee 7.1. �
11.2 PuriJyofWattr--5ee 7.2. �
11.3 lodint Tiuam-Dmolve 1.S I of iodine in 280 mL 

of pyridine. Ma well and be certain all iodine is dissomd. 
Add 700 ml of methanol and 20 mL orwa1er. (See Note 9.) 

I l.4 Dilllffll-Mix 280 mL of pyridine with 700 mL of 
methanol and 20 mL of water. Mix well. 

Non ~ l'armlllatio11.1 may be sutctitu'..ed to the enent 
t cba1 they cm be demonstnted to yield equiv1leM ~ ;ll ~rr' to 
I ~ IUd incision. 

11.S~7.8. 

: 12. l"rocedun: 
11.l 11'Ut1111MU Prt],aration: 
12.l. l Assemble the analytical ap~tus a.;xordina to the 

1 manufacturer's instructions. Check tI1 c::,nnections carefully 
I to avoid Jcab. 

12.1.2 Set furnace lcmperature to 13.SO-C. 
12.1.3 Set oxncn flow rate a=>rdins to manuf.actum·s 

j instructions. . 
12.1.4 Place approximately 150 mg ofa coal sample in a 

1 boat and msert into the l3S0°C repon of the furn.ace. 
: Sample boat should tcmain withfa the hot zone: or the 
l f\Jrnace for at Jeast 2 min or until sam~:C is complctely 
1 burned. This action will serve: to condition tbe apparatus in 
, an functions. 

12.l Calibration: 
11.1.1 Select I coal standard rcf'cmlce material (SRM)., as 

c described in 5.4, which bas a sulfur value in the raDgc or the 
1 sample to be analyzed. Wejah out about 150 ma or this 
1 previously dried coal standard and r=>rd tht wci&ht to the 
I nearest 0.1 mg. 

12.2.2 Enter the ~tud sulfur content oftl:e staDdard 
1 referaic:e material sample into the memoey of the analyzer. 

12.2.3 Insert SRM sample into the 1350"C rqion of the 
t furnace. 

12.2.4 After endpoint LI rached, not las tbaJl 2 min. 
I record the titrmt f'ador U mil1ipams sulfur per millilitre Of 
t titrmt (~ml). If' analyzer docs not have an mtegral 
c computer, RCOrd the volume of titrant wed and cakulate 
t timnt faccor u instructed in 13.1. 

12.l.S RemO\IC sample boat and repe:it steps 12.l. l 
t through ll.2.4 two more times. 

12.2.6 If analyzer docs not automatically &'YC'age the 
t mrant f'actms obrained in the calibration step and enter the 
a &\'Cr8F into the microproa:s.,or, then do so manually. 
! Succes.1ive c:alibra%ions should yield titrant f.&ctor! within 
< 0.01 mgS/mL ofc:ach other. 

l2.3 A11lli),m Procdurr. 
12.3. l Use an imtnlment tbat 1w been conationed and 

<c:ah'lnted acconfma 10 12. l and 12.2. 
12.3.2 Wei&h to the nearest 0.1 mi,~ 1,0 

1 ma of the COil analysis sample into a boat. 
11.3.3 !ma' the ample wdgbt into the sulfur analyzer 

I memory. 
11.3.4 Imat1be coal ample into tbe l 3SO"C region or the 

f ftu'Dllcc. 
12.3.5 A&r1he endpoint is reached (not Jess tban 2 mm) 

r record the sulfur CIOIICCIUratioa or the sample. I! analyzer 
<does not have • inu,ral computer, m:ord the -yoliune or 
t tiUmt UICd md c,Jcularr the sulfur c:ono:ntratioo as in
• 11:Nded iD 13.2. 

J 13. Cakwladcw 
13.l On am1yzm that do not calcalate the tiuut factor 

1 �automatically, tbe followina c:alc:ulation must be med: 

T• s. x W/100 x Y, 
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where: �
T - titrant f.actor, mg of sulfur/ml.; �
SJ • sulfur concentration of standard. dry basis; �
W • weight of standard, mg; and �
Y, • volume oftitraDt, mL. �

13.2 On analyzers that do not calQllate the l)CtCCllt sul/urll' 
in the analysis sample automatically, the following calc:wa-1
tioo mu."1 be used: .. 

S• IOO(Tx J'J/W 

where: 
S • percent sulfur (as determined). �
T - titrant factor (sec !3. I), �
V, -= volume of titrant, ml., and �
W • weight of sample, mg. �

ME1lf0D C-HICH-TEMPERATUR.! COMBUSTION 
MElHOD WITH INFRAllED ABSOII.PI10N PROCEDl/ll 

. 14. Apparatus 

· 14.1 Mea.surement Apparatzu-Equjpped to combust ibe1e 
sample as described in 3.3 automatically. (See Note 8.) 

14.2 Tube Furnact'-See 6.1. 
14.J CvmbustiCJn Tube-Made of mullite, porcelain, onr 

zircon with provisions for routing the psscs produced by,y 
cotnbu.o:tion through the infrared ceIL. 

14.4 Sample Combustion Boau-See 6.4. 
14.5 B"'1t Puller-See 6.5. · 

JS. Reagents 
1.5. I Purity ofReagenu-Sec 1.1. 
15.2 Magnesium Perchlorate-WarnlDz: Magnesiumn 

perchlorate is a strong oxidizing agent. Do not try to:O 
regenerate :he absorbent Do not allow contact with orpnicic 
materials or reducing aients. 

IS.~ Oxygen-Sec 7.8. 
1.5.4 [;zandard Reference Matmal (SRM)-Such as SRM~ 

Nos. 2682 through 2685-Sulfur in Coal.1 refctencc coals or>r 
cahbratiog agents with certified dry-basis sulfur values must st 
be used. The materials must be supplied by or have traa,.e
abfilty to internationally recognized c:crtifying orpnjzations,s, 
such as the Xationa! Institute of Sta:ndan:h and Techoology. y. 

1.5.4.1 AU ~RMs., n:ferencc coals, · or calibrating agents ts 
must have precision values of less than or equal to method id 
repeatability. Such SRMs, reference coals, or calibrating1g 
agents must be mble with respect to moisture and be>e 
pulverized to pass I00 % through a 0.250-mm (No. 60) USA A 
Standard Sieve. SRMs, reference c:cals, or caiibming ageno ts 
must be mixed thoroughly before ea.ch use. 

16. Procedure 
16.1 lrutrur.:ent Preparation-Perform system updatetc 

chc..:ks in accordance with manufac:tarcr"s instructions. 
16.J .1 Balance Ca/ibraJion--Calibrate imemaJ balat1cc in Ji 

:iccorda:,ce with manufacturer's instructions. 
'" ., ,._,:-,...~.,~-_ ~:!he Infrared Deta:tian .S:vstem-Sclcc:tct 

SRMs. n:ference coals, or calibrating agents with known 'D 

dry-basis salfi.Jr Yalucs in the tange of the samples to be>e 

'Avaibblc from Ille Oflia or Stnd&rd Rdcmice Matcrials, Room 1314, 4, 
Cbrtnistry Bid&.. Nation:il lrutitu~ cl Sl.ar.dards and Tceb.aology, WubiJlslon, c, 
OC' 20234. 
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analyzed. For the initial cah"bration and periodic verification 
or instrument tinc:arity, at least three such SP.Ms, reference 
coals, or c:alibrmna qents are rec:ammended for each anp: 
ofsulfur values to be tesled. When performm, a single point 
c:alibntion (Note 10) the SRM, refaence ccal, or c:alibrati.Di 
a,ent containing the bi&best sulfur Vlhle for the e:ipcacd 
miae should be used for c:ahlntion. The OlhcJ' two SR.Ms. 
rdercnc:e coals, or caharating qen!J should repre,cnt tbe low 
and midpomts of tbe e:q,ectcd ruse. When J)C:lformm& a 
multiple paint calibration, two or the SR.Ms, remnce coals, 
or calibratin& aacnu lbollld bracket the ran~ ofsulfur wluc:s 
to be lated with tbc third ullin& within the ..._ All rcsulo 
obtained mua be within the allowable limits of the SRMs, 
reference coa1s, or calibrating qenu. llccords for an calllmt
tions will be maintained in aa:ordancz with Guide D4621. 

16.2.1 AD SltMs, reference coals, or c:alibmmg qents 
used for ca!ibr.amia lhe instrument should comply with the 
provisions or 15.4. CAunON-An indica1cd problem with 
linearity of tbc instrument during c:ah"bratioa c:ould muJt 
from cont.ammmou or the SRM, reference coal, or cali
brating 18=1 u the container becomes depleted It is, 
therefore, suae,:sted that extreme care be med in mixing the 
SRM. reference coal, or cah"bntina qcat be((n removiaa 
aoy sample .&om the comainer and that it be discarded when 
less than 5 & remain in the container. 

Non 10-Whc:ll perl'ormina a IUllle-Polm calibralion, 1be cech
lllqae t:l caBbn!iq !be UWlmlClll 'wi1b the SRM. a:fc:rmce CDll, or 
e1Jibmina aa=t c:crrespoJldmi io lbe mabcst llllfm' 'falDc apecled ror 
lbe i:aqe ues die Oplimum linear raDF affilabk Ir czltndon. 
Sin~ cali!n1ioD ii most linear from die paint ,:I c:aHbmioD to 
mo. 

16.2.2 Calibration Procedur~M&kt a minimum or two 
detmninatiom to condition the equipment before cali
brating the system. 1bc u-dttermined sulfur value of the 
SRM, reference coal, or cahorating agent med for calibration 
ofthe instrument must have been previously c:alculated from 
the certified dry-basis IUlfur wlue and residual moisture 
determined using either Test Methods D 3173 or D S142. 
Alternately. a quantity of the SRM. refc:rcncc coal, or 
c:alibratin& agent allocated to be used within a normal 
production period (Note 11) can be dried using either Test 
Methods D 3173 or ·D S142, in which case, the dry basis 

. sulfur value will be used. The dried mamial must be stored 
in a desiccator, and any remaining at the end of'thc nmmal 
production period must be discarded.. Weigh me samples of 
the SRM. reference coal, or calibrating agent (Note 12) 
chosen to rcprescni the range of sulfur values being tested. 
Follow the c:alibration procedure recommended by the 
maoufactun:r. Far verification or the calibratiou curve, asc 
SRMs. refaecce coals, or c:ah'bratins qen13 that bracket the 
range ·of 'Yalucs to be tested. AD results oblamed mu.st be 
within the allowable limits or the SRMs, refermce coals, or 
calibmting acents. R.ecords for an c:ah'brations will be main
tained in aa:oniana: with Test Method D 4621. 

Nom 11--A DIX'lDl1 prodlldioa period would IOlltindy be comid
med• a.h lhiA. Dried"SRMJ, rcfaence coab, or Cllimmaa 11=ts 
lbouJd aOl be nintliDOd bc)'Olld OIIII d&y fiJr die putpO:IQ ol 
hlstnimmt Clli!alio11. CAUOON-Prevloasy drlcid material lhouJd 
JIOt be redriaS as mldatioa en readily occm. 

Non 12-Wcqb to the nearest 1.0 q. Since die Rltm- mat.eat of 
the SRMs, rocmice coals, or cahlntillg qcnts bracbs the range of 
lulfur ft!uc:s beiq dc!crmiJltd f'rcm the samples, the mm ofthe SRM. 
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nfcmla: ~ or calibratin& a&tnts med rar c::alibra1ion and die ~1' • 0,06 + O.Ol l 
1amplcs to be analyzed should be approximately the same 10 tlut both 
mateN!s produce about lhc s:ime ~mount or iaframf cd1 wiumon (60 

to 70 ">· 
16.2.3 Ptriodk Calibration Vtrijicarion-On a periodic 

baws, vemy ihe stability of the inst."\lmcu\ and it:l c:aJibratilJn 
by· analyzing a portion of the SRM, re:fen:nc.e coal, or 
cah'brating a,cn, used to calibrate the instrumeoL The value 
determined for lhis material, when used as an unlcnOWll 
sample, must be within the certified value plus or minus the 
staled precision limits of lhe material. 1f the criteria for a 
successful verification of calibration in aa:ordance with Test 
Method D 4621 is not met, the cah'bration procedure of 
16.2.1 must be ~ted llod samples analyzed since the last 
auca:ssful verification must be repeated. 

16.3 .Analysis .Procedure-Stabilize and cah'brate the ana
lyzer (see 16.2). 

16.3.1 Raise the furnace temperature as RCOmmendcd by 
the mll?luracturcr to at lc:ist 13So·c. Wci&h the sample (Note 
12). Spread lhc sample evenly in a coClbustion boat and use 
a bollt puller to position the sample in the hot zone or the 
furnace for al lc::lSl 2 min {Note 13) or antil completely 
combusted. 

NllTI 13-Thc alllllyticil cycle shoukl be&ia automaticaJly as JOOD • �
aulliu ii dctcclcd. �

16.3.2 ~ the analysis is complete, the instrument 
should indicate the sulfur value. Refer to the manufacturer's 
recommC'Ddcd procedure. 

J7. "Report 
17.1 The percent sulfur value obtained using any of~ 

dcscn'bed methods is on an as-determined basis. 
17.2 The results of the sulfur analysis may be reported on 

any or a number or bases, diff'cring from each other in the 
manner by which moisture is treated. 

17.3 Use the percentage oi moisnuc in the sample passin& 
a No. 60 (250-ilm) sieve to calculate the u-dctmnined 
results of the analy!is sample to a dry basis. 

17.4 Procedures for converting the value obtained on the 
analysis sample to other bases are described in Practices 
D 3176 and D 3180. 

18. Prcdlloa a.ad Bias 
18.1 These are empirical methods that are bi&l,ly depen

dent upon the calibration of the equipment, the closeness af 
the standards to the samples in sulfur c:oni=t, cblorinc 
contmt, .iron content, and 10 forth. - · 

18.2 Pr«uiDn Sllltmwntfor High-Tmtpfflllfln Combto
tion M,dwd U.sing Add Base Titrazion Deuaum Proa
dum-The relative precision of this method Car the determi
Dlltiou aflOtal sulfur covers the con~mnae from CU 
to 6.0 "· 

18.2..1 R~ilit,--Tbe difference in absolute value 
between two consecutive test results carried oat oa tbe same 
sample of60-mesb pulp, in the same labora!ory. by the same 
operator. u.sina tbe same apparatus, should not ac=i tbe 
repeatability ioterYal /(r) more than S ~ of sw:b paired 
values (95 " confidence level). When such a difference is 
found to exceed the repeatability int,er\'al, there is reason to 
question one or both of the test rcsu1ts. The repealability 
iatertal may be calc:ulated by use af tbe f'ollawing equation: 

, where% is the •w:nac of the two ~: re:;:iii;. 

Non 14-Tlait aquaion applies to t:c :da:ive ,:prad .;;r, ;..u.iure. 

I IDCDt that ii aprmed asa pacatap aud iiderived fr:nn the statistical 
C ftllualioa of lbe roimd-robia analyri,-1 ...-,,,. ,::¥,,_.,,~ T\,,-1:,...,. 

a lltllysia fir laCll ldur PYC ftlucs or ~.52 and 1.j7 !Ii. TIie l"C21t 
a aalfur of 1be duplicuc l2lll)'m nluc is 1.55 11 and 1bc cabla1ed 
I a:paahiity Jt1' a0.1 I, lbc dill'crmce belWll the two su1far values is 
C 0.05 and docu1ot aAed lllc l{n of0.1 ,; t2lcrdore, thac t..a ft!:= 1R 
• acc:cpuble al the"" Clllllidaicc 1cvd. 

18.2.2 kproducibillly-.Tbe diff.ercnce in abwute value 
1 between the •"VaalCS af replicate detcnninations, carried out 
I in dlft'crent Jaborat~ 011 representative 60-mcsh ami:,lcs, 
1 prepaRd Crom the same bulk sample after the last stage or 
J reduction, should DOC exceed the reproducibility interval /{R) 
1 more.than 5 " ofsuch paired values (95 ~ confidence level). 
• ~ such a dift'emu:c is found to exceed the rq,rod~ 
i ibility interval, there is reason to question one, or both, of the 
t tat results. The reproducibility interval ma::, be calculated by 
t the _use of the followina equatioi:: 

NI)• 0.03 + 0.11 z 
• where :t is the rt'Cf'IIC of between-laboratory results. 

Nari IS-lldaeqnalion a;,plia ID L'ic !dative spread oh IDeaSW"C> 
I IIICllt wt Is e:qll'-1 a a plll'Clllllap and iJ derived from the stwstial 
C ftlluldoD of the JIIUd.rcbin .ualytx:a1 RSUlti. EMmp/C Duplia1e 
1 amlylia for total llllftlr ID one 1aboraiory pvc III a¥traF nlue or 
: l.11 S, Im & 'ftluc ol 4.00 S WU obtains! iJ1 I diJemu labonZDry. 
' TIie ~ &'/Cl'alC llll!ur vlhlc Is 3.9: "· die c::abla1t:d 
i l(R) mlCMl ii 0.'6 S, 111111 tbe diifemice betMel1 the difi"=l 
I llboatcry fflaCI ii 0.19 "· Sinai 111i1 di&r= ii lcst dwl die J{Jr), 
1 Ilsa two '8lua arc accepcat,le 11 me 9S '5 CDD11,ckuce ~ 

18.3 Prtt:isSDn Sl4Umenl for Hlgh-Tmrperan.rt Combu.s
1 don Method Usin8 lodimetric Dfttction Prrndum-Tbc 
1 rdativc pi=oa or this method for the determination of 
t total sulfur coven the conoeutration raniie from 0..5 to 6.0 %. 

18.3.1 Rq«/abilily-The .difference in absolute nlu.e 
1 between two c::aDSICICUtn'e test results cvried out on the same 
1 sample of60-mah pulp, mthe same laboratory, by the same 
C operator, usias tbe IIDle &ppuUUS should net exceed the 
I ~tability interval .l{r) ID0'M than 5 '6 af such paired 
• values (95 '- confidcnce level). When such a difference is 
I found to =cced tbe repeatability interval, there is reason to 
c question OIIC, or boeh. or the test results. The repeatability 
I iataval may be dete:mined by use of the followin& equation: 

~,,-0.011 
• where~ is 1bc avaap ~the iwo test results. 

Nan 16-'llliaequllioa applim till tbc rdatM spra4 ofa 
1 -••GPl-1•as,aa:nrapudiademed&ammellaCimcal 
C enbaadoa fl Illa l'Ollld,cnbia wly!icl1 1WUJts. Example l)apticm 
a ~&rlllllll.U.1Mftiaaoll.'2and 1..57,.,'IllBIWDF 
1 ld'llr ol 1111 ...... aalylia ftlae la 1.55 "· 81111 lbs calcu.1atcd 
I I ' ··- lwffl M ii CUl. n. dl&raice bct'wem. the two salf'ur , .._II O.OS ad dclCI 11at ea..t dlll _,, ol0.12: dlerein. dM:s rwo , ,.... an• Ill ealllD • lbs9.5 S .,..,ffdena, lm:L 

18.3.l kpro,ludblUlp-The diff'em:cc iD absclutc value 
I between 1bc averages ofieplicate determinations, carried out 
i in dif!'er=t laboratories cm representative 60-mesh samples 
1 prepared flom 1be same buDc sample after the last sta&e or 
J reducdon. lhouJd not exceed the reproducibility intcrval /(R) 
1 mme than 5 9' almch paired values (95 9' c:onfuk:ncc Jcvd). 
' When such a difference is found to exceed the rcproduc

a 

N-324 

http:Hlgh-Tmrperan.rt


0 I D4239. �

ibility interval, there is reason to question one, or both, of the c 
u:st results. The rcprodua"bility intcTWl may be dctamined 1 
by u.se of the following equation: 

l{R) • 0.08 + 0.09 % 

where l is the average of the bctween-labcr.ltory mults. 

Neu 17-Tilis equation applies ta tile rdm,,e ,prad o!a IDClllme- .. 

111m11 dw ii cq,nmal III a~ and ill dc:ritoed &om tbc ICamtical • 
rialaallan of lbc rau!IIHllbm analylical nallL E.,a,mp/c Duplic:alle e 
cial)'Sil for tot&! sulfur iD one labondoey p--c D ~ ftbie of l 
3.81 "· &Dd a val11e of 4.00 " wu olnai.aed ia a dilfcrmt labammy. •. 
'lbc ~ ne:qe lll1fv.r ft!Dt is 3.91 s. tbc c:alc:alllCd S 
.ftR) illlel'Yal is 0.43 "· and the diffa=ce ~ tbe dil!'creut t 
labomo,y Yalues is 0.19 S. Since this dift'cn=c is lea &ban &be JtR), ~ 
&lleSe two walues arc DCCCPllblc &1 &he 95 S canldr:ncz 1m:1. 

18.4 Prrcision Sratemtnt/or High-Tempm,twe Combus- • 
" lion Method Using /nfra,ed Absorpifcn Deuclion Procedures J 

18.4.J Put:isicm-~ relative precision of this test tmethod for the determination ofsulfur covm the conccntra- 
tion ran,e from 0.28 to 5.61 %. 

J8.4.2 Repeaiability-Tbe diffc::rena: in absolute Ylllue : 
~ two consecutive test results, carried out on the same : 
sample ill the ~e laboratory by the same operatOr using J 
the same apparanu, should not exc=:d the repeatability f 
interval (limit) /(r) more than 5 % cf such paired values 1 
(95 9' confidence level). When such a diffcn:ncc is !cund to > 
~ the repeatability interval. (limit), there is reason to > 
question one or both of the test results. The repeatability f 

interval Oil & dry basis may be dc1ermined by DSC of the 
followina equation: 

J{r) • 0.02 + 0.03 .f 

where !f is the~ of the two test rcswts (see Note 18). 
18.4.3 R,p,odudbi/11y-Tbe difre:rence iD absolute value 

ofreplicate deramim1ion.,, carried out in diffcrcDt laboralo
rics on re;,resenmive samples prepared from the same bulk 
ample after the last staac ofreduction, should :aot c:xceed the 
reproducibility iDtcMl (limit) .l{R) more tun 5 S ex Sllcll 
paired values (95 S con.fi.deslce lnel). When IIICh a differ. · 
eDCe ~ f01111d lo =zed the RprOdw:ibili1y iD1erval (limit), 
there is ason tp question one orboth o!the 1CSt mul1s. The 
reproducibility iDterval on a dry basis may be delcnniued by 
we of the f'oDowma equation: 

~)-0.02+0.09i 

where~ is the avmge of1hc two test mulb (see~ 18). 

Non JB-Tllae oqlllliom apply to the relatm ~of-~ 
mllll lbal • aprmed •• paa::tlp u dcmed fram • amtical 
IVlluaticm ollbclOad-roblnmuba. 

l&.5 Buu-Bias is etirninaied when the instrument is 
properly calihrmd Ip.inst certified R!crcDce ltalldards. 
Proper c:alibration mc:ludes comparison or iasaumental 
rc.,ults to cenified •sulfur values. Result3 f.or certified stan
dards above and below anticipat.ed analysis sample results 
should be within ccnified precision levels fer all standards 
over the calibration miac for the instrument. · 

TheNnrleall SocJe!), tot Testtigllttd.Mlfatall -nopoam.Alcn,-,,.:tlno lfN .....,d-,,,...lf;ftl, ..tectn ocmecoan 
WIii .,,)' tem ~ In !hi, SWIIIM'd. Lian d IIIJJ IINltJrrl fd - .,,,...;y atMHd lhal ~ r,I .. IIWldly d my altlh 
pc,nt r/gJltJ. and the !iii. d .........., o/a,cb rig/a, ... ~,,,., - tlapllllllllly. 

This stall~"rl a~ lo,........,_,.,_ ti)' Ille_.... teclnt:al<lmlll!IIIN Std...be_....,_,.~,.... 
Iner revised. -rupprao,«Jor...tlld1N'II. Yoi,cammero._. ltwt.d~lrlrlWl'ilbl d.lllll~ortoratJt111Jatallandlrrs. 
.,,a .,,ould 0. addl'NU~ to ,s,1,/ ~ YOII CIOO-- .at ret»Nfl t»rf/lul 001111/CMIID'l. I~ f1I lht NlpCllllil* 
lec."111/ca/ commlr!N, which )"QI tn,y attMd. II )'IX/,..,,,. )'Olnl' - -... not~.""'hMttnQ JQl aha,il/ .. 'fW' 
_,,, 1mc,..,, 10 1M ASTM Conr1'!IN on~. 100 &n ~ Orlw. W.r ~ ·A 1"'21. 
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~t Designation: D 5373- 93 (Reapp~oved 199'B7) ~SOCl!:T'lfOIIT't5":'HlAKJMATrllAI.S 
100--0r.-~l'J.l'ka 

~-... -~o/ASN-~ASTW 

Standard Test Methods for . 
Instrumental Determination of f Carbon, Hydrogen, and 
Nitrogen In Lab9ratory Samplees of Coal and Coke 1 

l, Scope 
1.1 'Ihese test methods cover 1he instrumental detcrmina- • 

tioD ofca.rboG. h)'dro&cn, and nit:rqen in laboruory samples s 
ofcoal and coke prepared in accordance with Test Methods 1 
D 2013 and D 346. 

1.2 Within the limitations outlined below, these test t 
.methods iR applicable to either the air-dry ar moisture-free : 
laboruory sample, or both. 

l.2.1 For instrumental systems in which the moisture and I 
watm of hydration in the ample are libera1ed with (and I 
only with) Iha oxidation products 1IJ)OD combustion, the , 
analyses c::ao be performcd on a test specimen of the air-dry , 
sample (Note l). Concentrations determined on this air- , 
dried buu ~nt the total carbon (including that present t 
u c:arbonate), total hydrogen (mcltiding that present as 1 
water). and total nitroaen. 

Nori~ 1-Tbae l)'lle1DS an: aho mislactary lbr ddcrminiDa the s 
lllbjccl ~ iD the moisture-free sample. 

1.2.2 For systems in which the moisture and hydrates are , 
othcn,rise liberated, the analysis shall be perfcrmcd on the i 

m~ sample. Values obtained on this basis represent t 
die 10U1 carbon, organic hydrogen, md total Ditrogeu. 

1.3 These test methods can be used to provide for the l 
~ts specified in Practice D 3176 for die altimatc : 
aialysis. 

1.4 The Yllucs stated in SI unm shall be rcprdcd u the : 
mndard. 

1.5 Tlw mmdard does not purport to address all of the r 
safety conams, if any, a.rscciated with Ju iut. It u the r 
nsponsibiluy ofthe user ofthis stJZndard to atablish appro- • 
prillle safety and hlahh praatw l11ul detmniM the applwa- · 
biJi1y_ ofngu/atory limitalicns prior ta uu. Specific precau- , 
ticmary statements arc given in 8.3.1. 

l. JWlr'UCIN Docameats 

2.1 ASTA/ SUz:ndtuds: 
D 346 Test Method for Collec:tioD and PrepantioD of r 

Coke Samples for Laboratory AmJysis2 
D2013 Test Method for Preparlng Coal Samples for : 

Aaalysir 
D3173 Test Method for Moisture in the Analysis Sample : 

of Coal and Cokel 

D 3174 Test Method ror Ash in ~ Analysis Sample of 
Coal and Coke from c.oal2 

D 3176 Practice for Ultimate Analysis or Coal and CoJccl 
D3180 Practice for Olo1lating O:,al and Coke ADalyscs 

rmm As-Detcrmincd to Dif!'cmit Bases2 
D4621 Guide for Ac:coUJStability and Quality Control in 

the Coal Analysis Laboratory2 
D5142 Test M.ethods for the Proximate~ of the 

Allalysis Sample of Coal a~ Coe by Imtnnncnta1
Proccdmts2 . 

3. Sammar,. of Test Methods 
3.1 Carbon. hydrogen, and uitrogen arc dctmniDcd con- , · 

c:am:atly_in a single: instrumental procedure. ID some sys. 
tcms. the proczdure consists of simply weiahina a test 
apecirnc:n, placina the \e!t portion into the instrument, and 
hriri•ting the (subsequently automatic) analytical proa:s.,. In 
other S)'S1.CmS, the analytical procm may be amtroDcd 
manually to 10me degree, 

3.2 1be actual process can vary substantially from iasttu
ment to inmwnent because a variety of means can be med 
to effect the primary requirements of the test l!lethods. These 
test methods provide for the following: (J) C0l1YCm0D of the 
subject materials iD an OX)'ICZl stream in their ~ to 
c:ubon dioxide. water vapor, nitrop oxides, and 11h. 
nspec:tmly; and (2) aiblcqumt, qumttatrtl'e determination 
of the pses iD a: appropriate refc::rencc ps stream. 

3.2.1 The con'lffli.on of the subject man=rials to their 
com:spondiq pses occurs ]arzdy durin& combustion of tht 
sample at m elevated temperature in m atmosphere or 
purified 0X)'lm. 1be pscs that are ],'lr'0dllCCd i:ndud: the 
touowma: 

3.2.1.1 Carbon dimide from the oxidation of' organic and 
elemental cazboJl and the d=ompositi0t1 of carbon.me ~
cmls; 

3.2.1.2 Hydropn halides ftom orpnic halides (and or
pnic hydJqp:n,. required); 

3.2.1.3 Wa&cr wpor from the oxidati01l of(the n:maicin&.) 
orpmc ~ IDd the Jibermon of moisture and~ 
olhydration; 

3.2.1.4 Nhropl ad Ditropu oxides from tbc midation 
oforpDic amo,en and the decomposition ofaurara; and 

3.2.1.5 So1fur Glides from the midaiion ofarpmc sulA!r, 
ad the decompoliliou of IUlfide wt sulfaie minerals 

(J) In aome s,stcma, IUlturous and sulturic acids can also 
be oblaiDed from acombination of the sulfur oxides and the 
Wller'ftpOl'. . 

3.2.2 For hydroa= and mtroaen, the required c:onvasio.o. 
is completed in • two-step process comistins o! tbe t'ol
k?wms: 
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3.2.21 Removal oi the halides llld sulfur oxides and 
hoeration or the associated hydrogen (as water), by ccn
ductin& the combustion p9CS Uirouah a aeries of absorption 
trap! CC'Dt.lining appropriate absorbin& materials. 

3.ll2 RcdllCtion of the nitro&cn oxides io demen1al 
DiirogcD {see Note 2) by passin& the resultant pses over 
copper at Ill devatcd temperature. ~ carbon dioxide, 
water vapor, and nitrogen may then be dct=miDcd via one 
of Sle'Veial satisf,dory clctcc:tion schrmc:s. ·

Non 2-111 thia procca. raidua1 Oll,zat is aha ICIIIIMd. 

3.2.3 In one con.figuration, tbe gases are c:onduded 
1brough • series or thermal coDducdvity detectors m:I ps 
absorbc:3 aligned so that, at the water wpor detec:t.or level, 
the pscs pass through the sample side of 1be detedor, a 
water vapor absorber, and the reference side of the delcdot'. 
At the carbon dioxide ckteetor level, the gases arc then 
conducted through the sample side ofthe detector, a carbon 
dioxide absorber, and the rcf~ncc side of the detector. 
"finaily, the resultant pscs, which comm 0Dly Ditrasen and 
the carrier ps, pass throu&fi the sample side ot the nitrogen 
detec1Dr and are vented. At this dctcctor level, mah-purity 
carrier sas is used as the reference gas. In these ways, the 
detecto~ determine the thmnal conductivities solely of the 
specified components. 

3.2.4 In a second Cotlfiguration, the carbon dioxide and 
water vapor arc determined by mfrarcd detection, usina an 
aliquot of the comtrunion p=s from which only 1hc balidcs 
and sulfux , oxides have been r:movcd. These de1ccton 
det.c:m.ine the infrared absorption of the pertinent gases at 
prrcisc wavelength windows so that the absotbances result 
from only the specified components. In lllese systems. 
nitrogen i,; determined by thermal conductivity, usins a 
second aliquot of the pse$, additionally treated io also 
reduce the nitwgcn oxides t-> nitrogen and io remove the 
residual. oxygen, carbon dioxide, and water vapor. 

3.2.5 In ::. third configuration, wbich is essentially a 
modified gas chromatographic syste:n, the nitroaen, carbon 
dioxide, and water vapor in the tmat.ed combustion gases are 
eluted from a chromatographic colUlllll and determined (at 
apQrOPria.te mention times) by thcrma! conductivity detec
tion. 

3.3 In all cases, the cocce,1:rations of carbon, hydrogen, 
and nitroaen ~ calculated 115 function of the followill&: 

3.3.1 Measured iusuumcntal responses, · 
3.3.2 Values for response :,er unit mass for the clements 

(established via instrument cahoration), and 
3.3.3 Mass of the sample. 
3.4 Or to the following: the instrument response is pro

portional to the gas dcns:ty, which has been ~"bralcd 
against a gas density of known concentration. 

3.5 A capability for pcrfcnm11& these computations auto
matkally can be i.Dcludcd i.a the instrumentation used for 
these test met!lod!. 

4.1 C.a.rbon i:cd hydrogen values are used to determine 
the amount of 0:1.ygcn (air) requirM in combustion processes 
vnC: for ;~·.t.. ,~k..;!at::>u!. rif efficiency of combustion pro
cesses. 

4.2 Carbon and hydrogen determiiwions are used in 

5. ApplftblS 

5.1 Became a ftriety of imtrumeata1 compcmems and 
confisutatiom can be used Ptisfictarily for 1hc.,e ~ 
methods. no spc:aftcations an: prcsemd here with respect to 
ovcrail system design. 

5.2 Functionally, however, the followini requimneu1S are 
specified for all approwd instrumems (Note 3): 

Nor! 3-'Ibc lilll'l0ftl o/ 111 iDslrumem wb napecl to tbele 
ftmc:liom ii pmmomst to 1hde tat metbodl, 11U1CC IIICh appn,,al CICitly 
pro\'ides~of'both tbc lUiaialt and dae Pl()CICdmes med with 1bc 
.,.icm10pmridelbrtbaefmic:tiam. 

5.2.1 'The collditiom for combustion of the sample shall 
be such th.at (fur the full range of applicable samplts) the 
subject c:ompoacnts shall be c:onverted completdy to carbon 
dioxide, ~ vapor (except for hydrogen asoc:i.atl:d with 
volatile halidc:s). and nitr0ien or Ditroscn oxides. Generally, 
instrumental conditions th.at effect comp]$ combustion 
include (1) naila!>ility of the cwdant, (1) tcmpc:raturc, and 
(3) time. 

5.2.2 Representative aliquots of the com~on pses 
shall th= be treated for the fcllcwina rca,ons: 

5.2.2.1 To liberate (u -water vapor) hydros= prcsezit u 
hydrosen halides and sulfur oxyacids; and 

5.2.2.2 To reduce (to the element) nim>gen prCICDt u 
DitrOge:n oxides. 

(1) The water -vapor ll1d nitrogen so obtained sball be 
included with the materiab . . ally presen1 in these0ni1D 
aliquois. 

S.2.3 Additional treauncnt of the test specimens (prior to 
detectiau} depends OD the dctcc:tion scheme used for the 
instrument {Note 4). 

Non "-The additiomJ trNtmal1J can be provided by the ilistN
m.ental COiilpi)lotillb ad ID atlsfy S.2.2. 

S.2.3.J For the confisuration dcs::ribcd in 3.2.3, the ha· 
lides proper, sulfur oxides, and residual oxygen shall be 
removed from the single test specimen in which the water 
vapor, carbon dioxide, and mtroaen are determined scqueo
tially. 

S.2.3.2 For the conficund:ion dcscn'bcd iD 3.2.4, the 11:Sl. 
specimco in whic:h the water vapor and carbon dioxide are 
determined. on1y the halides 1nd IUlfil.-. cmdes shall be 
mnoffli frmn the ~ stream in which the wata' .-.J)w ......: 
carbon dimide are determined. For combusted pses bl 
which the nitrogen is determined, the water, c:ubon dioxide, 
and residual oxygen shall also be removed. 

S.2.3.3 For the configuration described in 3.2.5, the ha· 
lides and sulfur oxides shall be ~oved from the combusted 

: 2 

N-327 

http:apQrOPria.te
http:detec:t.or


pscs obtained from the single test spccimell. 
5..l.4 The detection system (in it, full ~) shall deter- r

mine the analytical gases individually and without intcrfer-r
cnce. Additionally, for each analyte, either of the followina1g 

lies:IPP ·~- t:5.2.4.1 The detectors themselves shall provi= wacar re-:
spoases that correlate directly to CODCetltratioo over 1he full ill 
n.uae or possible coocentrations ~- tile applicable sam-1
ples, or 

5.2.4.2 The system shall include provisions for evaluating1g 
nonlinear ~nscs appropriately so that the nonlinear sr 
respoll5CS can be correlated accuratdy with these concentra-1.
tions. 

(1) Such provisions can be integral to the instrumcnta-1
tion, or they can be provided by (auxiliary) computationon 
scbcm~ 

5.2.5 ·ruwly, except for these systems in whidl dlete 
c:onc:entratioo data are output directly, the ins'..rument shall ill 

_ mdude an appropriate readout device for the detcctom 
iapooses. 

,. lleqents 

6.1 Purily ofRtagents-Rcagent grade chemicals shall be ,e 
med in all tests. Unless otherwise indicated, it is intendedd 
that all reagents shall conform to the SPCcifications of theie 
Committee on Analytical Reagents or the American Ciem-1
ic:al Society, where such spedfication.s are available.> Other:r 
pades may be used, provided it is first ascertained that the IC 
reqent is or sufficiently high purity to permit its use without Jt 
lmeniug the accuracy of the detcrmination. 

6.2 Hdiwn, Caniu Gas, u specified by the instrument lt 
manufacturer. · 

6.3 Oxygen, as specified by the instrumem manufacturer. r. 
6.4 .Additional &agents, as specified by the iDstrumcotlt 

mmu&cturer. This specification mm io the reagents uscdd 
to provide for the functional n:quirements cited in 5.2.2 .2 
through S.2..3.3. These reag:nts ~ vary subswltially fom 
diffemit instruments; in all cases,~. for syst.em.s thatlt 
aie functionally satisfactory (and tberd"orc approved), the ie 
reqe:nu n:commended by lhc manufacturer are also tacitlyly 
approved. Consequently, these reagenu shall be 1bose rccom- 1
mended by the manufacturer. 

7. Preparadoll of ADalysl.s Sample 

7.1 The samples shall imtially be pn:parc:d in acc:ordm::e::c 
with Tes& Methods D 2013 or D 346. 

7.2 IC required by c:lwacteristics or the ~al 
sysian, mduce the air-dry samples (7.1) typically to pus 75 ·s 
JUD (No. 200 U.S.A. Standard Sieve Seda) to obtain test st 
uai1s oftbc analysis sample in the sm ruae recommeodmd 
by the imtrum.eDl manufacturer. lf iequircd by dmacccril-t
lics oftbe imtrumental system, u IPCCificd in 1.2.2, treat tbeie 
test specimens in accordance with Test Method D 3173 to:o 
po-ride~ materials solely appropriate for the:leie 

.systems. In thu and all subsequent sample handling steps, 
acrclse care to minimize cbang!S in ocLeti:.~ contr.it 
resulting from exposure to the atmosphere. 

8. lmtrument Ptcparadon 

8.1 A.§cmble the imtrumcntal system in accordance with 
tbe manufacmrc(s instructions. 

1.2 Ad,iustmmt of ksporut of M~ S-;ttem
Wciah an appropriate test portinu of standard rc!emice 
maii:ri.al (SRM), calibrating aaent. or ref'ercr.cc ~t Amlyze 
the test portion (see 9.1). R.epea% this proc:cd-.ll'C.. Adjust 
imtrumenl respon$C, u n:cornrnended by !he manufacturer, 
until the absence or drift is mdic:ated. 

8.3 Calibration-Select coal SRMs or other calibrating 
,acnu and materials specified by the man:u'actum tb?t have 
cettificd cmbau, hydrogcu. and nitrogen values in the xange 
of samples to be au1yzcd. At least three such SRM, or 
cab'bratiDg a,ents arc: recommended for each ru&e of 
carbon. hydrogen, and nitroaen valul!S to be 1CStCd. When 
possible, two of the SRMs or calilntmg agent, shall ~kct 
me range or c:arboll, hydrogen, and nitrogen to be tested. 
with the third falling within the raniir:. 

LJ.1 All coal SRMs should be in acc:cn1ance witil 7. t and 
lhall be supplied by or have traceability to an iDt.crnationa!ly 
rccognized cenifyin& orpnization. CAUilC'~ An indicated 
problem with linearity or the instrument during calibratioii 
can result &om contamination ot the SRM or calibratitlg 
qent as the container beco!Des dcple1Cd. 11 is tberc:f'ore 
recommcadcd that the SRM or c:aJibr1tina aa,a,.t be cfis. 
cazded wbm less than five pa.ms remain iD the coll13iner. 

LJ.2 Callbrrztton Pr°"""71-~ u samples, por
tions of an SRM. rd'erencc coal, or c:alibram:li aann chosen 
to represent the le\ld or carbon, hydrop. and oitrcgeu in 
the samples to be tested. 1!not rcquiml by the cbar.lcteristics 
ofthe imtrumentaJ system, U3C the -~·cazbon, 
hydros=i. and nitrogen wlues for cah"tntiou. These values 
must hal'e been c:ak:uiated prmously from the c:e:rtificd Mdry 
basis,. carbon. hydroJi:n, and nitrogen values and residual 
moistUR de1ermincd using either Test Methods D 3174 or 
D 5142. Continue IDalyz:ing until the resuhs &cm five 
CODSeCUU'Ye delermmations fall within the repeatability in
t«Yal (see llll) of these test rned:.ods. Cah'bratc tbc 
imtnrment acawdia& io the manufaciw'er's instrvctions 
11SU111hese ftlua. ADa1yze. as samplt:s, two SRMs refcren~ 
coals or caJihmin& aaents that bracket the muge of values to 
be tatod. 1bc results obtained for these samples must b-: 
wit.bia die sra!ed precision limit, or the SR.\i, rcfercn~ coal. 
or caJtladn1 11'=, or the cahontion procedure must be 
repemd. IIICOrds &,r all cahoratiom must be in acc:crdam:e 
with Guide D '621. 

1.3.3 P.-llxJJc CldJlmmon Y,rif'u:ation and R«aiibra
rton-lA accardaDce lriah Guide D -4621, anal)U a control 
ample on a pedodic basis. Raults obwi:ed for the control 
ample mmt be within established limits, or an result., 
obt.aiDcd siDce 1be last IQCCeSSful control c:btd must be 
rcjectm and the calibratioll procedme repeated. 

,. Proce.hn 
9.1 Analyze a tat specimen of the analysis sample in 

accordaDce wiill tllt manu.facwm's instructions. 
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l. TML! 1 11epNtab111J ..er ,._producl,llly10. Calculation 
10.1 c.alculate the concentrations of carbon, bydro&en, 

and mtroaen. on the appropriate sample basis. as follows: 

A•~X 100
D 

wb~ 
A • ,i; or the analyte, �
Jl • detec:tor response for that a.aalyte, ... �
C • unit ~ per detector response estabiisbc:rl for tbe �

analyte during calibration, and 
D • m.:m or test specimen, i, 
"Ibe c:alc:ulations can be provided automatically by the 
instrumental system used for these test metbods. 

11. Report 

I I.I Report results from the carbon, hydrogen, and ni
uopn detmninatioDJ on any of the IIC'YUal common bases 
that. differ solely with respect to moistule. Procedures for 
c:ocvertillg the as-determined conccntntiom to the othf:r 
bues are specified iJJ Practices D 3176 and D 3180. 

12. Precision and Bias 
12.1 These test methods arc highly dcpendent OD the 

c:ahbratioc of the CQuipmcnt. 
12.2 The precision of these test methods far the determi

nation of carbon, hydrogen, and nitrogen wu calculated 
from data obtained from coal and coke wilh the following 
c:onccmration ranges: carbon (dry-ba.\15} from 48.6 to 
90.6 '9, hydrogen {dry-basis) from 0.14 to ,.16 9', and 
nitrogen (dry-t-asis) from 0.69 to l.S1 %. 

lll l Repealability-~ dilTerence, in·absolute value, 
between two test results, conducted on portions of the same 
analysis sample, in the same laboratory, by the same 
Opc:m01', using the same apparatus, shall not c:xcced the 
repeatability interval /(r) in more than .5 ~ of such paired 
values (9S % confidCDce l.:vcl). When such a difference is 

Clrt,an U4 2.51 
~ D.111 CL30 
Nllt1glr1 0.11 0.17 

found to ~ tJic .repeatability mervaI, there ii reuoD to 
question one, or both, of the test mulU. Tbe iq,eatabt'tity 
bneMls for cmbcm. hydroacn, and nitr'OFD are aiYC11 ill 
Table 1. _ 

12.2.2 ~licateanalyses for carbon exbimted 
Yalucs of 73.26 and 73.62 "· The absolute diffcieoce be
iween the two test rcsulU is 0.36 "· Since this wme docs not 
e:xcccd the l{r) value oC 0.64 ~. 1bcse dnplicatw: anafyR:s arc 
acceptable 11 the 95 " confideDc:c level. 

12.2.3 Juprodudbllity-The di.ft'c:reDce, mabsolute value. 
between the~ of duplicate determinations ara4uc:ted 
fn dilferc11t 1abotasorie:s OD ~iative samples prepared 
from the same bulk sample after reducing to l00 S tbrou,b 
a 250 Mm (No. 60 U.S.A. StaDdard Sieve Series) lieYe mall 
not~ the rcprodua"bility im.ema1 !CR) in more mm 
5 ,L, of mch l)lin:d values (95 ~ confidenc:c levd), When 
IUch a diff'cr=ce ii found to exceed the ftl)r'Odua"bility 
interval, ttierc is reason to question one, or both, or the u:s 
results. The reprodu.ci'bility intervals for catbon. h-ydroscn, 
and nitrogen SR Jiven in Table 1. 

12.2.4 ~Duplicate analysis far hydrog,:n In one 
laboratory revealed an •veraae vuuc of S.1S ~. and a value · 
of 4.93 ~ ns obtained in a diff'er=t laboratmy. The 
diff'etcnce between the diff'cmit labomory "3lue is 0..22 "· 
Since the laboiatoey dilI'crcnce is less than the l(R). tbe two 
labomaey lCSl1lts are aca:ptablc at the 95 " co~ 
JcvcL 

12.3 Buu-Bias is eliminated when the appa:atus is 
cahbratcd propedy against certified reference standazds. 
Proper calibration includes comparison of ~ data on 
NIST SRM 1632 or other rcqcnts I.Ild materials that have 
certified carbon, hydrogen, and Diuoa= values. 

TM AnwicaJ! Soeitlty lot Tl!Olg W1II ,.,__,, ,._ nopodlrAon ~ the ..itill)' ,,,_,, ,_,.,., rlghO _.,,.,In~ 
With 11/T'f ,.,,, rMr.Uon«! ,i th/6 flalldWd. UNt3 ol lNI :Jfaflalf'd al.,. ~ adv'-d,,., ~ d the 'Nirl1ly ti/ "'1 well 
pan'II r'Qlltl, ana :ht 11,1c d ln1rlrtr,enwt olaldl 1'g/ll&. - ~ely their own~. 

Tl'.J111tanda:d;, a.,b}k;f IO~• -,yt*neby the~ tecmklll ccmnllNand muat berwletwd~1M ,-, rd 
6 not ,.,,n,;, ettrw rwpptT;IVWd r;r ~ yoc, CXltlVl1Wlla .. •1rt11*1 ..,_ tor tWillbff rillflle *'1detd or tor addltioMI ~ 
end lhtx:Jd be adrJnisud to >STU~ Ya&.r ecm!*ltlD d f'flUM t:#fNca~ •I~ ol Ille~ 
tachllal OOffWTll!N, wnieh 'fO'J "'Ill' c!Md.. )111111 lw/ lllllt your t:r- iai. not l'w:eltl«I ....~ J'IXI a/lQJd ... )'QUI' 
l'llfwl .tinown lo !t>eASTM ~on~ 100 a., 1wbrt1ar t)M, Wailt ~.. 1'.A 1'4X 
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AMliRICAH SOC:ll!TV ir0R TESTING ANO M.MATl!"IALS �
- ... Sl., Ptliladelph,a.,., ,.,0'°3 �

.....ad frooll lhe Annual Balilc ol ASTM Sland.wdl. a. Ccipyr'lgllC A6TM �
N Mt lad In 1M CU"9nl ~ index, wll 111P1aF ir in Ole Nit edition. �

Standard Test Method for 
GROSS CALORIFIC VALUE C OF REFUSE-DERNED FUEL BY 
THE BOMB CALORIMETER11 

'l. Scope 
1.1 This test method covers the detcnnination 

-orthe gross calorific value ofa prepared analysis 
sample of solid forms of refuse-derived fuel 
(RDF) by the bomb·calorimeter method. 

1.2 This standard may inw,l..,•e ha-..ardous ma
tnia/s, operations. and equipmnu. This Standard 
don ncJt purport 10 address all of1he safety prob
lems as.<uxiated K"irh its use. II is the res,,onsibil
itJ-' oftht> u.ser ofthis standard to establish ap,m>
priau sqfet_1,· and health prac:tices and determint 
the applicability ofreyidatory limitations prior 10 

ust>. For specific cautionary and precautionary 
statements sec 6.10 and Section 8. 

2, Refenac:ed Documents 
2.1 ASTM Standards: 
DI 193 Specification for Reqent Water 
D 3177 Test Method for Tota.I Sulfur in the 

Analysis Sample of Coal and Coke' 
E I Specification for ASTM Thennomcten" 
E 180 Practice for Determinina the Precision 

Data of ASTM Methods for Analysis and 
Testing of lndusuia.l Chemicals' 

E 775 Test Methods for Total Sulfur in the �
Analysis Sample of Refuse-Derived Fuel4 �

E 790 Test Method for Residual Moisture in �
a Refuse-Derived Fud Analysis Sample' �

E 829 Method of Preparina RDF-3 Labora�
tory Samples for Anal~ 

3. Tffllllaolosy 
3.1 Def,nilions: 
l.1.1 t:alorv,c 11all.U!'-tbe heal of combustion 

of a anii quantity of a substance. It may be 
expressed in joules per sram (J/a), British ther
mal units per ·pound (Btu/lb). or calorics per 
aram Ccal/a> when required. 

Non I-The unit equivalents are as fo~ 
I B1u(latematicna1Tablc)• 10,.~.v6absolutey.uln 
I Calorie (International Tabk) • 4.1161 ablolute 

joules 
1 Btu/lb• 2.326 J/1 �
1.1 Bt1&/1b • 1.0 caJ/1 �
3.1.2 gros.s ca/orijk ,•a/ut>--the heat produced 

by combustion of a unit quantity ofsolid fuel. at 
constant volume. in an oxygen bomh calorimetet' 
under specified conditions such that all water in 
the products remains in liquid form. 

3.1.3 nt!'I ca/orilk value-a lower value cal
aslated from the poss calorific value. It is equiv
alent to the heat produced by combustion of a 
unit quantity or solid fuel at a constant pressure 
of one atmosphere, under the assumption that 
all water in the J)t'Oducts remains in the form of 
vapor. 

3.2 Descriptions of Terms Spec{fic to This 
Method. · 

3.2.1 ~alorimeter-dtt:s:;ribes the bomb. the
vessel with stirrer. and the water in which UK' 
bomb is immersed. 

3.2.2 ,n~· ,quivalt·n1-Uu~ energy required 
to raise the temperature (Note 2) of the calorim
cu:r syaem rccor a•F)pcrgramofsample. This 
is 1he number that is multiplied by the COffeC'tCd 
temperature rix in dqrecs and divided by the 
sample weialu in arum to give the IJ"OSS calorific 
value aft.er the• n.ochemic:al corrections have 
been applied. 

I J 
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'.°'l1n .=-T.:om~r.nu~ chan~ is mtasUf'C'd in thtr• 
m.il units. T~m~r.uurC' chaniC'5 m:iy also be r«ordcdr in c!'l~-..:-tr,1m,,1i,·~ for.:C'. ohms. or othrr units ""htn 01her 
t~ ~s ,,f tc!'m~r.iture s.mson att us.eel. Consistent units 
muM N uSc:d in both tht standardization and actual 
..-.11,,ritk dc!'tc!'rmin:uion. TimC' is npr~ in minu1cs. 
Wtifllts an~ mC'asured in ,rams. 

;.:.3 ,~ri,$Nt'1'i,·ed _li,el.s-solid forms of re
fu~-deri ,·ed fuels from which appropriate ana
lytii:;il samples may be prepared are defined as 
follows in AST.'./ STP 8JJ:· 

ROF-1-Wastes used as a fueJ in as-discarded 
tbrm with only bulky wastes removed. 

ROF-~-Wastes processed to coarse panicle 
size with or "ithout ferrous m~ separa
tion. 

ROF-3-Combustiblc waste fraction pro
cessed to panide sizes. 95 '-c passing 2-in. 
square screenin1. 

RDF-4-Combustible waste fraction proc
ess.ed into powder form. 9S 'c passing JO
mesh screening. 

~DF-,-Combustible waste fraction densified 
1~ompressed1 into the form of pellets. slugs. 
c:.i~nes. or briq•Jettes. 

.a. Summary of Tut ~lethod 
~-l C~orific \alue is determined in this 

ml!thod b:,. burning a weighed analysis sample in 
an o,:,.gen bomb calorimeter under controlJed 
conditions. The calorific value is computed from 
temperature obs.er,uions made before and after 
combustion. taking proper aJlov.-ancc for ther
mometer and thermochemical corrections. 
Either isothermal or adiabatic calorimeter jackets 
ma:- be u~d. 

S. Sianmcance and t·se 
S. I The calorific "·aluc. or heat ofcombustion. 

i\ a measure of the energy a\"ailabJe from a fuel. 
Knci~ledge of this ""aluc is ~ntial in assessing 
the commercial "-Onh of the fuel and to provjde 
the ba!>is of contract between producer and USC!'. 

6. Apparatus 

I,. I 1'~\I lfoom-The apparatus should be op
e, Cl,t."U 11, u I •.Niu VI al"e3 free Of drafts that can 
be kept at a rea'>C)nabl~ uniform temperature and 
hum1dit~ for the time required for the detcnni
iHTl•"Jra. T~e app:uatu!'» !\hould he .shielded from 
dircc.1 \unlight and radiation from other sources. 
<nntrollcd mom temperature and humidity an: 
de\irahlc. 
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6..2 OxJ-gt>n Bomb. constructed of materials 
mat are not affected by lhe combustion process 
or products sufficiently to introduce measurable 
heat input or alteration of end products. If the 
bomb is lined with platinum or acid. all openings 
shall be sealed to s,rn·ent combustion products 
from reachi na the base metal. The bomb shall be 
designed so that all liquid combustion produru 
can be completely rec:o"~red by washin, the inner 
surfaces. There shall be no ps leakeae durin1 a 
iest. The bomb lhall be capable of wiihstandina 
a hydrostatic pressure test to 21 MPa (.3000 psig) 
at room temperature without stressina any part 
beyond its elastic limiL · 

6.3 Calorimeter. made of m~ (preferably 
copper or brass) \\ith a iamish-rcsistant coatins 
and ~ith all outer surfaces hiahly polished. lu 
size shaJI be such that the bomb will be com
plete!~· immnsed in water when the calorimeteT 
js assembled. It shall have a device for stirrina 
the water thoroughJ~· and at a uniform rate. .but 
~'ith minimum h~t ini,ut. Continuous stirring 
for 10 min shall no1 raise the catorimetcr tem
perature more than 0.01 ·c co.02·F) starting with 
identical temperatures in the calorimeter. room. 
and jacket. The immencd portion of the stirrer 
shall be coupled to the outside through a material 
or low heat conducthitv. 

6.4 Jack,1-The calorimeter shall be com
pletel:), enclosed ~ithin a stirred water jacket and 
supported so tha1 its sides. top. and bonom are 
appro:itimatel:),· IO mm from the jacket walls. The 
jacket may be arran1ed so as to remain at con
stant temperature or with provisions for rapidJy 
adjusting the jacket temperature to equal that of 
the calorimeter for adiabatic operation. Jt shall 
be constructed so that any water evaporating 
from the jacket will not condense on the calorim
eter. 

6.5 TJr~rmnm('ters-Tcmpcratures in . the 
calorimeter and jacket shall be measured with 
the followina thermometers or combinations 
thereof: 

6.5.I .\l~rcw··J·-in-Cila.n ThermomnC"rs. con
forming to the requirements for Thermometers 
116•c or I 11·c t569f' or 57.F) as prescribed in 
Spccificalion E I. Olher thcnnom~ters of equa' 
or better accuracy are satisfactory. Thc:sc lhcr
momcters shall be 1ested for accuracy against a 
known standard (prcrerabl~ by the '!'lolational Bu

• Tht'V11tt'k1 ,,,, R.-,,,u,,~ R«r,~~.r Trrrri1n,J~.,·. A.\T\I STP 
JiJ.'. "STM. 198.3. p 72. 
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rcau or Standards) at intervals no greater than 
2.0-C (3.6.F) over the entire gl3duated scale. The 
muimum difference in coff'CCtion between any 
two test points shall not be more than o.orc 
(0.04~. � ' ' 

6.5.2 B«lc,nann Diff~rmzial ·11,nmomt'ler. 
having a range or approximately 6·c in o.o1-C 
subdivisions readin1 upward and conformins to 
the RQuiremcnts for Thennomctcr 11s·c. as 
pmcribed in Specification E I. Each or these 
ahennometCT"S shall be u:stcd for ac:cw'3cy against 
a known standard at intervals no la,Jer than 1-C 
o~ the entire sraduated scale. The maximum 
difference between any two test points shall not 
be more than o.orc. 
· 6.S.3 Calorimetric•TYJW Platinum Rnistan&.-e 

Thnmometer, 2J-. 1CSted for accuracy against a 
known standard. 

6.S.4 Other Tlrnmomdn-s-A high precision 
electronic thermometer employing balanced 
thermistors or a quartz thermometer may be 
used. provided the temperarure rise indication is 
accurate within ±0.0C)J•C per 1-C rise. 

6.6 '.Thermometer Attnsorin-A maanifler is 
requirid for reading mercury-in-glass thermom
eters to one tenth or the smallest scale division. 
This shall ha~ a lens and holder designed so as 
to introduc:e no significant cm,rs due to parallu. 
A Wheatstone bridac and galvanometer capable 
ormeasurina n:sistanc:c to 0.0001 oare necessary 
for use with resistance thermome1er5. · 

6.1 Sample Holdn--5,amples shall be burned 
in an open crucible or platinum. quanz. or ac
ceptable bQe-mctal alloy. Base-metal alloy cru
cibles are acceptable if after a few preliminary 
firinp the weight does not change significantly 
between tasks. 

6.8 Firing Wirr shall be 100 mm ofNo. l4 B 
& S nickel-chromium alloy wire or 100 mm of 
No. 34 B & S iron ~ Equivalent platinum or 
palladiu·m wire may be used provided constant 
ianition CDef1D' is supplied. or measured. and 
appropriate corrections made. 

6.9 Firi118Clrn1it-A 6 to 16-V altematinaor 
din,c:t current is requii= fOI' i,nition purpolCS 

with an ammeter or pilot liaht in the cimait 'IO 
iDCticaac when currmt is flowing. A -.,clown 
transformer couneded 10 an altemalin1 cunent 
liabtina circuit or batteries may be med. 

6. 10 CAUl10N: The ipition cin:wt IWitch 
shall be of momentary double-conlacl type. nor
mally open. acept when held doled by tbe op
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crator. TilC switch should br. de:,~ 0nl:, ~o."lg 
enough to fire the bomb. 

,. Rnaean 
7.1 Purity qfReagmJs-R~t grade chem

icals shall be used in all tests. U nlcs.i otherwise 
indicated. it is intended that an ~nts sha11 
conform to the specifications of ihc Committee 
on Analytical Reasents of the American Chemi
cal Society. where such specifications arc avail
abJc.• OlhCI' padc:s may be used. provided it is 
finr amrained that chc ~t is of sufficiently 
high purity to permit its use without lessening 
the accuracy of the determination. 

7.2 Purit.1· qf R-a,er-Unless otherwise indi
cated. rererenccs to water shall be undcntood to 
mean r&:aJtllt water. Type m. conforming to 
Specification D 1193. 

7.3 Bffl=c>i,· Ac-id. Standard (CJ{,COOH)
Use National Bureau of S&andards SRM (Stan
dard Re(ercnc:e Material) benzoic acid. The crys
tab shaD be pelletized before use. Cor.tmerdally 
~ pellets may be used provided they are 
made from National Bureau of Standards ben
zoic acid. The value of heat or combustion of 
benzoic add. for use in the calibration calcula
tions. shall be in accordance with the val1Je listed 
in the National Bureau of Standards certificate 
issued with the standard. 

7.4 M~hyl Orang~. Meth.l-1 Red. ()r Methyl 
Purple Indicator may be used to titrate the acid 
formed in the combustion. The indicator selected 
lhaD be used consistently in both calibrations 
and catoriru: determinations. 

7.5 0)..-yzm. free. ofcombustible matter. Oxy 
aeo manufactured m,m liquid air. ,uaranteed to 
be pater than 99.S CJi pure, will meet this re· 
quilffllent. Oll)'lffl made by the eleclrolytic pro
cess may concain a small amount of hydJ'OICfl 
l'fflderina it unfit without purification. 

1.6 Sodium Carlx,,,au. Standard SclUJiort 
· �(0.34 N)-Onc millilitre or this solution should 

be equivalent to 20.0 J in the nitric acid (HNO>) 
titration. Diao1¥e 18.02 & of an.hydrous sodium 

• c:arboaaa.e (Naz<:OJ) in waler and dilute to l L. 
· The Na~ lbouJd be previously dried for 24 h 

....... Oellh:ek, Aa.i&:u Cbcmiall 5ocie!y SpedA
' _._,.A& a.... s.:.. w,+;..,.. DC. For, a rionl 
• .... ..._.ol,..-._.Jillidb, .. AIMrimnCllcmical 
! s.:illy.- ......... 0 I 111 ... SlarJ dl.•t.,Jaacs,11 
I lt.aaia, 0. V• Nc.-wd Co.. bic., New Yen. NY. w1 Ille 
' -UllilllllS.. "'-•• ; L • 



at ros·c. The buret used for the HN03 titration 
shaJJ be or such accuracy that estimations lo 0. I 
mL can be made. A more dilute standard solu
tion may be used for higher sensitivity. 

8. Precautions 

8.1 Due 10 lhe origins of RDF i_n municipal 
waste. common sense dictates that some precau
tions should be observed when conduc:tina tests 
on the samples. Recommended hygienic prac
1.ices include use of gloves when handling ROF 
and washing hands before eatina or smokins. 

8.2 The following precautions arc m:om
mended for saf~ calorimeter operation: 

8.2.1 The weight of solid fuel sample and the 
pressure of the oxygen admitted to the bomb 
must not exceed the bomb manufacturer's rec
ommendations. 

8.2.2 Bomb parts should be inspected c:arc
f'ulJy after each use. Threads on the main dosuR 
should be checked frequently for wear. The bomb 
should be returned to the manufacturer occasion
ally for inspection and possibly proof of firing. 

8.2.3 The oxygen supply cylinder should be 
equipped 'with an approved type ofsafety device. 
such as a ~uc:ing valve, in addition to the needle 
valve and pressure gage used in regulating the 
oxygen feed to the bomb. Valves. pge:s. and 
gaskets must me:t industry safety codes. Suitable 
reducing valves and adaptors for 2 to 3.S-MPa 
(300 to SOO-psig) discharge pressure are obtaina
ble from commerdal :.ources of compressed gas 
equipment. The pressure gage shall be checked 
periodically for accuracy. 

S.2.4 D.Jri!lg ignition of a sample. the opera
tor shall not permit any portion of his body to 
extend over the calorimeter. 

9. Samplin1• 
9.1 RDF products are frequently nonhomo

geneous. For this reason significant care should 
be exercised to obtain a rcpl"C$Cntativc laboratory 
sample for the RDF- lot to be charactcriud. 

9.2 The !tampling method for this prcx:edure 
should be based on agreement between the in
volved parties. 

9.3 The laboratory sample must be air-dried 
....-,; tJ-~ ~: ..... : ... ..,:_~ .-~.!w.:.-~ :v pass a O.S-mm screen 
as described in Method E 829. 

rn. S:~"?~Ui1l:o:.'!tbu 

10.1 Determine the energy equivalent of the 
calorimeter zs· the a"cragc of a series of ten 
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individual runs. made over a period of not less 
than 3 days or more than 5 days. To be accept
able.. the standard deviation of the series shall be 
6.9 urc (6.5 BturC) or less (see Appendix XI. 
Table XI ). For this purpose. any individual run 
may be discarded only if there is evidence indi
cating incomplele combustion. If this limit is not 
met. repeat the entire series until a series is 
obtained with a standard deviation below the 
acceptable limiL 

10.2 The weiahts of the pellets ofbenzoic acid 
in each series should be replated to yield the 
same temperature rise as that obtained with the 
various samples tested in the individual labora
tori~ The usual range or weiaht is 0.9 to 1.3 g. 
Make each determination in accordance with the 
procedure described in Sec:tion 11. and compute 
the corrected temperature rise, T. as descn'bed in 
12.J. Determine the corrections for HN0:1 and 
firing wire as described in 12.2 and substitute 
into the following equation: 

£- (( H)(g) + t'1 + f"'J + t>,I X' 
where: 
E - energy equivalent. Jrc. 
H • beat ofcombustion ofbenzoic acid. as stated 

in the National Bureau of Standards certif
icate, J/g. 

K • weight of' benzoic acid. g, 
I • corrected temperature rise, •c• 
"• • titration correction, J. 
e~ • fuse wire correction. J. and 
"• - correction for ignition cncray if measured 

and corrected for. J. 
I 0.3 Standardization tests should be repeated 

after changing any part of tJ:ie calorimeter and 
occasionally as a ch~.k on both calorimeter and 
operating technique. 

II. Procedan 
JI.I Weigh/ ofSamp/~Thoroughly mix the 

analysis sample ofsolid fuel in the sample bottle, 
taking care that the heavies and lights (fluff) arc 
distributed in the sample (Note 3). Carefully 
weigh approximately I I of the sample directly 
into the crucible in which it is 10 be burned or 
into a tared weighing scoop from which the sam
ple is transferred to the crucible. Weigh the sam
ple to the nearest 0.1 mg. Some form ofcompac

• ASTM Suhc:ommincc E31.0 I • CUffaldy i11 the pnicaa or 
dnclopi111 proc:edures for ampli111 RDF-J and the pqma1ion 
of an analysis umple. TIie chairman °' EJl.01 lhould be 
coniacud for deuils. 
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tion may be necessary to ensure satisfactory is and record the time and tcm:,crat•.1re, r. A<1d :o 
nition and complete combustion. 

NOTE >-ID the ~ent sesre,ation of the heavies and 
lilhU cannot be avoided. attempt to rc:movc sample 
lrom the bottle an such a way lhat a rcpracntaUve 
.ample is transferred. . . . 

NoTE 4-Perform the teidual moisture determina
tion of die sample simultancolJSly usin& Test Melhod 
E790. 

l 1.2 Water in Bomb-AdJJ 1.0 mL of water 
to the bomb by a pipet. Before adding this water. 
rinse the bomb. and drain the excess water, and 
leave undried. 

11.3 Firing Wire-Conned a measured 
length offirina wire to the ignition tcmunals with 
e:nouah slack to allow the firing wire to maintain 
contact with the sample. 

11.4 Oxnen--Cha.rp: the bomb with oxysen 
10 a consistent pressu~ between 20 and 30 atm 
(2.03 and 3.04 MPa). This _pressure must remain 
the same for each calibration and for each calor
i(ac determi~tion. u: by accident. the oxyacn 
introduced into the bomb should exceed the 
specified pres.sure, do not proceed with the com
bustion. Detach the filling connection and ex
haust the bomb in the usual manner. Discard 
this sample. 

11.S CaJ,,rlmeter Water-It is recommended 
that calorimeter water tcmper.ature be adjusted 
before weighing as follows: 

11.S.1 lsothrrmal Jacket Method. 1.6 to 2.0-C 
(3.0 to 3S'F) below jacket temperature (Note 4). 

11.5.2 A.diabatir Jacket Method. 1.0 to l .4•c 
(2.0 to 2.5.F) below room temperature. 

NoT'E ~Tbis initial adjustment will ensure a final 
temperature slightly above that of the jack.cl for cale>
rimclCrS havina an enerzy equivalent o(approumatdy 
10 200 J/K (2450 caJrC>. Some opmaton ~cr a 
Iowa' initial temperature so that the final ccmperature 
is llishdy below that of the jacket.. This procedure ii 
acc:qnable. provided it is used in aJJ rcm. iactudina 
llaDdardization. Uae the same amount (ti)..5 I) oCwater 
in tbe calorimeter '1CSXI for each tm and for calibra
tion. The amount or water (2000 1 is usual) can be 
IMll u&ilrKtorily determined by weipin1 tbecalorim
ctcr vemcl and water tcJFther OD & beleac:e TI,e waler 
may be mcuured volumc:tric:aDy if h is always mea
lUl'ed at tbe ame 1empenturc. Tap water aaay be 
lll1ilf'actory ror Ila in calorimeter bucket. 

11.6 ObRr?aJians, /sothemuz/ Ja,dc,e/ 
M«hod-Assr:mbJ.c the calorimC'l.cr in the jacket 
and stan the stim:r. Allow 5 min f'or attainment 
ofequilibrium; 1hen record the calorimeter t.ern
pcralura (Note 6) at I-min inlel'Vals for 5 min, 
F'U"C the charp at the sun of the sixth minute 

this temperature 60 % of th= Qpectcd tem~ra
ture rise. and record the tirnc a. which the oO % 
point is reached (Note S). A~r the racid-rise 
period (about 4 to 5 min), record temperatures 
at I-min intervals on the minute until the differ· 
cnce between successive teadinzs ha.~ been con
stant for 5 min. 

Nan 6-Usc a mapificr and estimate all readings 
(accpt those durin& 'lhe ~pid rise period) to the nearest 
0.00l9C (0.00S"f) when usins ASiM Bomb u.lorim
eterThermome1er 56C (S6F). Estimate Beckmann lhr.r
mometer rcadinp to the nearest O.OOl"C. Tap mercu
rial thermometers with a pencil just bd'or.! readins to 
11.oid crron C"Duscd t,y mcn:ury .uaias 10 the waJts or 
die capillary. 

NoTE 7-When the approximate ~.cd rix is 
IIIIILIIOWII. the lime at Mlich the ~mpcratu~ reaches 
601' of lhc toCal can be determined by RCOl'din~ 1etn
peratures at ..,. 60. 75. 90. and 105 1 after firin1 and 
iatcrpolatin&

11.7 Oh:u!r'VaJinns. Adiabatic- Jlll:kn 
MC!fhod-Asscmble the calorimeter in the jacket 
and start the stiffer. Adjust the jack~ tempera
ture to be equaJ u, or slightly lower than the 
calorimeter. and run for 5 min U> obtain equilib
rium. Adjust the jacket temperature to match the 
calorimeter with =0.01·c (O.Orf) and bold for 
J min. Record the initial temperature (Note 6) 
and fire the cha,ae. Adjust the jack.ct temperature 
1.o match ihat ofthe calorimeter during the period 
of rise. keeping the two temperatures as nearly 
equal as possal>le during the rapid rise, and ad· 
justing to within :0.01·c (0.029F) when ap
proadiina the final equilibrium tempcr.ature. 
Take calorimeter readings at 1-min intervals un· 
bl the same temperature is olJisen,cd in th~ 
successive rcadinp. Record this as the final tem
perature. Do not n:cord time intervals since they 
are not critical in the adiabatic method. 

11.8 Alllllyns of Bomb Contmts-Removc 
tbe bomb and release the pressure at a uniform 
rate. in such a way that ~e operation will require 
not lal than I min. Examine the bomb interior 
and dilCard the lest itunburned sample or sooty 
deposits are found. Oad'uDy ~uh the interior of 
die bomb includina the capsule with distilled or 
deionized waterCDDtainin1 tbc titration indicator 
umil the wasbinp are free of acid. Collect the 
W&lhinas in • beaker and titrate the washings 
wilJI mndard c:arbmWe 10lution. Remove and 
mc:uure or wash die combined pieces or un
burned firinawire. and subtract from the oriainaJ 
leftllh or weisht to determine the wire consumed 
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in firing. Determine the su)fur content of the J 2.3 Thnmochrmical Co"ections (Appendix 
sample by any o( the procedures described in 
Test Methods E 775. 

12. Calculations 
12.1 Tnnperature Rise in lso~hermal Jadcn 

Calorimeter-Using data obtained as prescn'bed 
in J 1.6, compute the temperature ··rise, T, in an 
isothermal jacket calorimeter as follows: 

T • T, - T. - r,Cb - a) - rl.c - b) 

where: 
T - corrected temperature rise, �
a -time of firing. �
b - time (to nearest 0.1 min) when the temper�

ature rise reaches 60 % of total, 
.c ·- time at beginning of period in which the 

. rate of temperature change with time has 
become constant (after combustion). 

T,, - tc:mperature at time of firing, corrected for 
thermometer error (Note 7 ), 

T,. - temperature at time c, corrected for ther
mometer error (Note 7), 

r1 - rate (temperature units per minute) at 
which temperature was rising during 5-min 
period before firing. and 

,,. - rate (temperature units per minute) at 
which temperature was rising during the 5
min period after time c. If the tempcraiure 
is falling. r2 is negative and the quantity , 2 

(c - b) is positive. 
l2.2 Temperature Rise in .Adiabiatic Jacket 

Calorimeter-Using data obtained as prescribed 
in J I. 7 compute the corTected temperature rise, . 
T, as follows: 

T- T1 - T., 

where: �
T - corrected temperature rise, "C or ·F, �
T., - initial temperature when charge was fired. �

corrected for thermometer error {Note 8). 
and 

T., - final temperature corrected for thermome
ter error. 

NOTE 8-With all mercury-in-glass thermometers, it 
ii ncc:cr-uy to make the followina corrections if the 
IO&aJ heat value is altered by 12 J/a or more. This 
represents a changr of 0.00 I•c (O.OOTF) in a c:alorim
et~ wi:,g aoorox.imately 2000 a or water. Tbe com:c
bons mc1uoe tne ca11ora11on correction as Slated on the 
calibr:it~on ccrtific.atc. the setting correction for Beck
man lher.nomcters IICCOrding 10 the directions fur
nivicd ~Y t~.~ clllit:-:·:1tion authority, and the c:one<:tion 
for emergent stem. Directions for these corrections are 
aivcn in Appendix X2. · 

XJ)-Compute the foUowina for each test: 
e, • �~rrcction for the heat of formation of 

HN03, J. Each millilitre of standard alkali 
is equivalent to 20.0 J. 

~2 - correction for heat of formation of H,.SO., 
J 

• � 55.2 x J)C!"Cfflt ofsulfw in ample x weight 
ofsample, g. 

e3 -correction for beat or combustion or firing 
wire, J (Note 10) 

- 9.6 J/cm or 5980 J/1 for No. 34 B & S pge 
ChromelC 

- I 1.3 J/cm or 7330 J/1 for No. 34 B & S 
iron wire. 

e, • correction for ignition energy of platinum 
or palladium if measured and corrcc1ed for . 

Non 9-There is no con'fflion f'or platinum or 
palladium wi~. provided the ipition enermi is con
nanL 

12.4 �Calorific Value. 
12.4.1 Calculate the IJ'OS5 calorific value 

(gross heat of combustion) as follows: 

H, • ((71(£) - r, - lrJ - r, - r,J/g 
where: 
H, -� gross calorific value, J/g. 
T - corrected temperature rise as calculated in 

I 2.1 or 12.2, •c or 9F. consistent with the 
water equivalent value, 

E • � energy equivalent (sec Section 10), 
e .. el, e>, e, - corrections as prescribed in 
12.3, and . 

g -� weight of sample, g. 
12.4.2 Calculate the net calorific value (net 

heat ofcombu~tion) as follows: 

H; • H, - 23.96 (H X 9) 

where: 
H; • net calorific value (net heat ofcombustion). 

J/g. 
H, - IJ'OS5 calorific value (gross beat of combus

tion), J/g. and 
H - total hydrogen."· 

13. Precision and Bias.. 
13.1 Precision-The standard deviations of 

individual determinations. in Btu/lb, arc: 

00 Supponina dau are a~blc on loan from ASTM Had
qlW'I.Cft. Requcsi RR:EJl-1000. 

66 �
N-335 



0 E711 �

Within- ~ Within�
A~ . labor.ltory laboratori.es latn:uory �

HHV-1: 9,00 99.2 2,9.2 
6'°° 27.l a:u.s 9300 <40.3 6'/,6,200 .... 239.6 

HHV-2: 13.2 These prccisi~.~ ~::.:.:.:.:: .:...·.; ~.;::.:~ 
7900 32.l 111.0 an intcrlaboratory study conducted in accord
7400 JI.I 227.1 ance with Practice E 180. HHV-3: �
9700 111,3 29(),4 �

APPENSDJXES 

XJ. CALCULATION OF SfANl>AllD DEVIATIOONS FOK CALORIMETER STANDAJU>IZATION 

X l.1 The example given in Table X l. l illustrates orimeter standardizations. 
die method of caJc:ulatin1 standard deviations for cal-

TABLE XI.I Scarf • ~ bnlldims far Calrrlamr
St I _.,..,.. 

Coli,11111 11 A Column B 
5'ul4ardization Wala r C'odr IO ColumnC 

. - !qui~nt. 4400 (Column 
· Number (lku/lb) >) >< (Column 8)2 

(&/"C') ) A~) 

I "12 12 I"' 
l 4407 7 49 
3 "15 a, 225 
4 4il01 I 6' 

16' 4404 ' 6 4406 6 36 
7 4'09 9 II 
I 4'10 lO JOO 
9 4'l2 12 ... 
10 4'09 9 II 
~ffl n 'I«> 

A~• .tJ- • s/10 • (92/1/10) + 4400 • 4409 
VarialllC'C • sl • Colwnn C - - (Column B)2/11/11 ~ I • 9o40 

C92i'/10/9 • 10.4 
Slandard dc,,lation. .1 • Varilriulce • 10.4 • 3.ll 

A 1ft dlil namplc the values :s ol wa&cr cquivalnt ue typical 
for a calorime1er calitaud IUIICtl that die 1llaler ~t 
multiplied ~ tbc IClllpcraNne e rim: ill -C/1 of ample will pw 
lhe calorific value of'die 11U11pkik in Btu/lb. 

Xl. TIIERMOMETll'ER COllll£COONS 

Xl.l It is nee ar,, to make the folJowina corrcc The calcu1atioo depends upon the way the thermometer 
lians in lhc event they resuh in an equivalent dlanp wu calibrated and bow h is used. The foUowina two 
oro.ocwc or more. conditions arc pouiblc: 

X2. l.l Calibratiofl Corr«rion shall be made in ac: (a) Th,m,o,,wt,n Ctdibratftl in TOia! l'"m~rsio,i 
c:ardalllce wnh Ille calibration c:enitic:atc furnished by 111111 Uud ill Ptutial lmnrff'l"ion--This em~t stem 
die calibration authority. . correctioll is made II follows: 

X2. l .l Sltti,w COf'l'«lion is neceuary for the Beck· 
Correcdoa • K (le - la) (le + 1, - L - nmann lhmnometer. It .shall be made in accordance �

with 1he directions (l&fflishcd by &be calibration author .,~ �
ity. x-0.00016 ror thcrmomC1CrS calibnued in -c. �

Xl.1.3 ~ial Enw,1e,t1 S1,m ConwtitNt- 0.00009 for thcnnorneten calibrau:d i.n 9F. 
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L • scale re:adin1 to which ·the thermometer was im- Calibra!ion T,n,JWl"tllurr-This emer,eat stem corm:
mcrxd. 

T • mean temperature of emeraent stem, 
,. • initial 1.emperature radin&, and 
le • final I.Clllpcrature rcadina. 

NOTE X2. I: Ex/imp/,-Suppo,e lhe _"l)Oint L. to 
wtuch the thermometer was immerscd..was 16-C; its 
inilial radina, ,.. was 2'4. J2TC. iu final n:adi111, le. wu 
27.876-C, the mean 1Cmpcrature of the rmer,ent Slrm,
T. was 26.C. 
lhcn: 

Dif'f'ercntial stem correction 

• 0.00016 (28 - 24) (28 +24 -16 - 26)
•+o.006·c 

(b) T"MrmomLl~rs CalibraJ«J tmd U$N In PtznuzJ 
/mm,rsion lnll Ill a Differffll Tnnpnvzturr tluur IM 

lion is made a follows: . · 

where: Correction - K (le - tJ (l 1 - f1 
K • 0.00016 for thennome1CIS calibrated in -C. 

0.00009 for thermomeiers cal.ibraled in '"F. 
,. • initial temperature radiq. 
le • final &cmc,eniure rcadin1, 
I I - obler,ed stem lcfflperahlJ'e. and 
,. • stcm lempcratu.re at which the thermometer was 

calibrated. 

NoT'E Xl.l: E.rantpi~ppme the initial rcadina, 
I.. was l<YF, the final readiq. 4, was 16'"F. and that the 
oblc:rvcd 11:m temi,eratw"e. ,,. was lrF. and tM cali
lntion tcrnperature. , •• was 7TF; then: 

Diffcmuial 8'cm correc1icm 
• 0.00009 (16 - 90Xl2 - 72) 
•0.005'"F 

X3. TIU:RMOCHEMlftCAL C011JlEC110NS 

XJ. I HffZI o.r Formation ofNitric ,kid-A c:om,c
tion (~'. in 12.3) of 20 J is applied for each I mL of 
standard Na~ solution used in the add titration. 
Thc_.s&anda.rd solution (0.34 N} contains 11.02 1 of 
Na2co,/L This corrcction is based on assumption that 
all the acid titrated is HNO, formed by the followins 
reaction: 112 Ni (J + ¾ 01 (a) + 1/l H,i() 0) • HNO, (in 
500 mol H,0), and (1) the enel"I)' or formation of I 
mot ofHNO, is appro,..imatdy SOO mot ofwater under 
bomb conditions is 14. I kcal/mot.• When HzS(), is also 
present part of the com:ction for H,SO, is contained in 
the r, com,etion and the rc,n.ainder in the~ colftetion. 

XJ.2 H~ ofFormaliiJ,r ofSuQ'Mric Acid-By dcfe
aition the groa calorific value is obtained wbcn the 
product of the combustion of sulfur ;n the sample is 
~ (a). However, in actual bomb ~mbustion pro
cesses. the sulfur is found u HlSO, in the bomb wash
ings. A correct.ion ( "2 in I 2.4.1) of .5 S.2 J is applied for 
each percent or sulf:.lr in the 1-s sample, &hat is con
verted to HlSO., This correction is based upon the 
energy of formation of HJ50, in solutions such as will ___ 
be present in the bomb at the end of a combustion. 
This cner&Y is taken a.ot - 70.S kcal/mol. 11 A correction. 
of 2 x 14.l 11:cal/mcl or sulfur was applied in the r1 
co~un. so the additional corRCUon ncc:esaa,y ia 70.5 
- (2 x 14.1) - 42.3 ltcal/mol or 5520 J orsulfur in the 
sample (5.5.2 J x w:ight or sample in ,rams x 5 sulfur 
in sample). 

XJ.2.1 Tbc value or :S.520 J/1 or sulfur is bued on 
a coaJ containing about S S sulfur and about :5 '5 

hydl'CJIIC'ft. 1llC assumption is also made that the H,SO, 
is dissolved entirely in water condemcd during com
bustion of the ample.0 lfa l-g sample of IUCh a fuel 
is burned. the resulting H,SO, condcmed with water 
rormcd on the walls of the bomb will have a ratio of 
about U mot or water to I mo1 or H,SO., For this 
concentration the energy orthe reaction. 
50:i (a) + ½Oa (&) + Hi() (I) 

- HJSO, (in I :5 mol Hi()) 
under the cor.ditions ofthe bomb ptOCC1S is -70.5 teal/ 
mot. 

XJ.2.2 Basins chc calculation upon a sample or 
comparatiwly Ja,,.e sulfur content reduces the overall 
possible erro11,, because for smaller percenia,es orsulfur 
the c:orrection is amallcr. 

XJ.3 Fuu Wino-Calculate lhc heat in S1 units 
contn'buted by bumina the fuse wire in accordance 
with the directions fumMl:d by the supplier oflhc w:rc. 
For cumple. the heat of combustion of No. 34 B & S 
pge Chromd C wire is equiva!ent to 9.6 J/crn or 5980 
J/1 and thal ofNo. 34 Ba. S pae iron wire is equivalent 
to 11.3 J/crn c,r 7330 J/s. There is no COff'CCtiorl for 
platinum or palladium wire provided the i&nition c:n
cray is constant. 

U CaJc:ulwd from data iD NaaioaaJ lknau a Scanduds 
C"ft'Ular 500. 

12 MOil, R. A~ and Parter, C~ "Saudics in Bomb Calorimetry 
IX-Fonn,atjoa of Sulfuric- Acid.• Fllli, Vol 37, 1951, p. 371. 

x,. REPORTING RESUULTS IN OTHER UNITS 

X4. I R~porting Results in Britirh Thnmal Units chemical correction factors in Table X<C. I and tbc water 
(&u) ~, Pound- -The aross calorific value can be ex cquivalcn1 expr,'.!S1Cd in (Btu/lb) x <&rC'). 
l)fmed in Britis."1 thermal units by usin& the thermo
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TABLE XA.I 'lllff-lw1111aial CorrecdOli Facton (llllib ht 
snnJ) 

Mwtipli-
Confflion cadon Fae10r r Multiply by 

r,lHN0J) 10.:> mLolO.JCUN'NaJCO,~. 
bnlon 

l't(H,SO.J ll7 ,. ol sulf'ur la •mple limn 
Mi&ht olu111ple ln s,am, 

., Cfloe wire> _4.1 or CID ol No. 34 8 4 S ~ 
Clnomel C wire 

., crute wire> 
:Z,70 

4.9or 
Misht <a> ororomct c wire 
CIII ol No. 34 114 S,-.e iron 

wiff 
Jl,O wdpt (I) or iron wire 

T1w Afflff'inut S,11.i~.,·Jw T nti"Iaffd Mate'rillJ:,1akn"°pcuu/,,..,,~i'fll tit, Nlidh,r nfOlfJ' palffl~ rit(hl.r OD'"ffi in nW1-.«1itJn 
wlt/t _,. iJCffl ntffllifmC'd;,, ,,,;., 31andard. u~ o/thif namiard ararr ~:q,r"-fl)' odruC'd '""' ,kf..,.,,.ma,,_ 1!(1ht wuidiry {,fan.1· md, 
pGll!ffl rtpi:r. IUld tlw ,i:,J. ufilffri~C'III nj'SJKI, ri~ht.T. arr rntirrl,w,1· tlwir°'"' rn/J(}IUihl/it)·. 

Tltl11.,andtu,Jb/1111,)«1111 rt'riRon at 1111,v tlmt lty r/w rnp,11uihlhk tft•l,nkol toffllftlllt'l' and mwt M ,r,,it"Awl-,·_'IPI' .\'l'an t111d 
U111ut l't'rl!Wd. rltlwr rtoppn,.,,.,J nr •'itlulrtn4w. y.,., cr,mm,nu •"" imrltC'd ntlwr fer '"i.r/.,,, "I tlu.r •~ ,,, Jiw 11ddirivnaf 
8/IMINlrds ,uuJ :dH111fd M addrnsd ,., ASTM Hrodq,,antn. y,,.,,. r <TJfff-,.r trill rrrrlw rarrfal n'#Uidrralim1 "' " ..,ft'fini ,,f11,.. 
,r.,rpnn:sihlt t«ltnicul c·ummitlff. ,.-,,;,-1, ,vrN ma.,· a11md. lf.WJU .f«I ti 11ta1 ,.,,.,,. n,mfflffll.t 1"nt lllnl ,w,i.,,,,,, a fair h~ri• .mu slt11u/d 
ffllJkr ,-r Pi..--:,,.,..,..,,,,. 1h, .4STM C.,,,,,,,iJ,n-"" Stondord.s. 19'9/o R«c' Sl.• Pltilodc-ipJ,ia, P..f /9/0J. 
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AMERICAN soetl!TY ~OR ffSTIMG AND MATITEl'IIALS �
11118 Rael St., Phladalphla, Pa. '9103 �

R9prfntltd lrom Iha AMua Book o/ .ASTM SWmrda. ~ ASTM �
u not ll8tacl In the currwi COfflblned Inda, will appear In tt the _. edtion. �

Standard Test Method for 
-ASH IN THE ANALYSIS SAMPLLE OF REFUSE-DERIVED FUEL1 

1. �Scope 
1.1 This test method covers determination or 

the· ash content in the analysis sample of refu.sc
derived rueJ (RDF). The results obtained can be 
applied as the weight pcn:cnt ash in the proxi
mate analysis and in the ultimate analysis. 

1.2 The values stated in acceptable metric 
units are to be regarded as standard. The values 
given in parentheses arc for information only. 

1.3 This standard may involve ha=ardous ma
terials, operations. and equipmnu. This standard 
does not purpon to address all of1he safety prol>
lem.1 usociaud wilh its use. It is the respon.sibil
ily ofthe user ofthis standard to establish appro
prime safety and health practices and determine 
the applicability ofregulaicry limitarions prior to 
we. For specific i)n:cautionary statements see 
Section 6. 

2. Referenced Documents 
2.1 ASTM Standards: 
E �180 Practice for Dete:mining the Precision 

Data of ASTM Methods for Analysis and 
Testing of industrial Cbemicals2 

E 790 Test Method for Residua) Moisture in �
a Refusc-Deri,'Cd Fuel Analysis Sample3 �

E 829 Method or Preparing RDF-3 Labora�
tory· Samples for Analysis> 

3. Descrl)»tloa olTerm Sc,edflc to 'llus Studard 
3.1 refu.s~erivttlfud-Solid forms of refuse

derived fuels f'rom which appropriate analytical 
samples may be prepared arc defined as ronows 
i" ~.'i:TU ~p R~,A ,_ 

RDF-1-Wa.'itcs used as a fuel in as-discarded 
forra m:h only butJ.;y wastes removed. 

P.OF-2--Wast~ ~ to coarse partide 
size with or without ferrous met.al scpara
.tion. 

JlDf-3-Combustible waste fiaction proc
essed to particle sizes. 9S ~ passina 2-in. 
square screening. 

RDF-4-Combustiblc waste fraction .proc
essed into powder form. 9S 41e passing 10
mesh screening. 

RDF-5-Combustiblc waste fraction dcnsified 
(compressed) into the form orpellets. slugs.·· 
cubettes. or briquettes. · 

4.•. Summary or Test Method 
4. I Ash is determined by weiahin& the residue 

reremaining after burning the prcpa,ed analysis 
· sasamplc �undCT rigidly controlled conditions or 

sa;ami,le weight. temperature. and rumacc atmos
p]pherc. 

55. Siplf"aance and Uae 
5.1 This test me\hod is a~lable 10 produa:n 

amnd usen of RDF as a method of determining 
tlthe weight percent ofash in the analysis sample. 

6.6. Apparatm 

6.1 Electric- Fumace-:-For determination of 
tlthc ash content or RDF. the fumacc lhaU baYC 
amdequatc air -ventilation aDd shail be c:apable or 
tc:tempenturc regulation up 10 at least 750 :t: 25-C. 
AAn air change rate of J to 4 furnace volumes of 
aiair per minute has been found adequate. 

NOtE I-It naay be pcaible to reduce the rate orair 
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flow below the susgested minimum without adversely 
affecting results of the ash dctennination. 

6.2 Porcelain Capsules, about 22 mm ('1/11 in.) 
in depth. and 44 mm ( l ¼ in.) in diameter. or 
similar containers. 

Non 2-Weighing bottles orborosilicatc &la.M may 
be safely used without deformation o,r sof\cning at 
tempcralurcs of6oo·c or less. 

7. Precautions 
7.1 Due to the origins of RDF in municipal 

waste, common sense dictates that some precau
tions should be observed when conducting tests 
on the samples. Recommended hygienic prac
tices include use of gloves when handling RDF; 
wearing dust masks (NIOSH-approvcd type). cs
l)ecially while milling RDF samples; conducting 
tests under a negative pres.!ure hood when pos
sible; and washing hands before eating or smok
in&

8. Samplin1 
8.1 The laboratory sample shall be obtained �

in accordance with sampling methods developed �
for materials of similar physical form. �

8.2 The laboratory sample must be air-dried �
and particle size reduced to pass a O.S-mm screen �
as described in Method E 829. �

9. Procedure 

9.1 After thoroughly mixing the analysis sam�
ple analysis sample to provide the best possible �
mix or heavy fines with the milled nutr. transfer �
approximately l I or the sample to a tared. �
previously fired container (weighed to the nearest �
0.1 ma) with a scoop or spatula. Quickly weigh 
sample and conia.iner to the nearest 0.1 mg. As . 
an alternate method use the dried analysis sample 
rrom the residual moisture determination. Sec 
Test Method E 790. 

9.2 Place the uncovered container containing 
the sample in the furnace at low temperature and 
gradually heat to ignition at such a rate as to 
avoid mechanical loss from too rapid expulsion 
or volatile matter. 

8.3 Finish the ignition to constant weight 9± 
0.001 &/h) at 575 ± 2s·c. It may be determined 
that a constant weigftt can be routinely estab
lished by allowing a sample to ash within the 
prescribed temperature ranae for a set period of 
time. 

Non 3-Experince has shown that panic:les of 
alass and sand telld to sinter to each other and also to 
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p porcelain cniciblcs at temperatures close to 675"C. sr 
la laboratory conditions necessitate maintainin& consi-;i
c ency in lhc maximum furnace tcm~ratu~ ~s.:,.~ :·.:,, •:s.."l 
utcsU or other fuels. the ijnition may be finished to 
c:-constant weight (:l:0.001 a/h) at:: temperature: cf 725 
~: 2S"C. If this option is invoked. it ,hould ~ alsc, T1oted 
II chat prolongtd cxposutt to hiJh temperatures m.:iy 
a actually result in changes in weigi,t due to possit:lc 
c chemical ractions. 

9.4 Cool in a desiccator ov~r cksi-:cant and 
• weigh as soon as ~iblc after the container and 
a ash rcac:h the temperature of the area in which 
v weighing is performed. 

I 10. Calculations 
10. l Calculate the ash percent in the analysis 

s sample as follows: 

Ash u-dctenn.ined,,;, - [(A - Bl/Cl x 100 

~ where; 
~ A c weight of container and ast. residue. g. 
1 B - weight of empty container. g. and 
<C' • weight of ash analysis sample. g (includes 

residual moisture). 
· -10.2 Use the numerical moisture value estalr 

l lished by Test Method E 790 lbr converting ash 
<data on the as-determined basis to the dry basis. 

I 11. Report 

11. l Difficulty may be experienced in secur• 
i ins satisfactory check determinations of ash in 
t the same or different laboratories for RDF rich 
i in heavy fines. This is caused by siliceous matter 
s such as glass and sand as well as a wide variety 
<of other particles of different densities entrained 
i in the milled RDF in nonuniform strata. When 
! such a condition is anticipated or encount~red. a 
1 paittd set ordeterminations should be made, a.no 
t the results reported as an average. If one deter
• mination of a paired set is accidentally ruined. 
1 another pair must be run. An off or unusual 
• value docs not constitute a ruined dctc-rm ination. 
1 In such cases. an additional set or duplicate de
1 1enninations should be run and all values l"C• 

1 ported as an averqe ofthe two seu. 

l l. Predslall Md Blas �
12. l Ptt.6':i:rion: �
12. l. l The standard deviations of individual 

I determinations in percent abso)UtC aJ'C a,$ follOWS: 

Typical A~ W-1thin
Valuc. 1' Labonlory. ~ 


20.0 0.6 

2: 
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12.1.2 These precision estimates are based on 12.2 Bia.v-The bias of this test method can
an interiaboratory study co·nducted in accord noot be determined due to the lack ora recognized 

, . ancc wit.h Practice E 180. suiandard reference material. 

The- Ame-neon S1>cit't,r/ilf' Tt!.,tin!l and Mal<"fiol., 10Jcn no p,>sltl,,,, n-rnptffl~ lht' Mlllidll)' 11{'"'.I'""''"'' '1/llrU as.rm~ in "'"'""'//r"7
with 4111)' ;,,.,,, m..-nti,,r.t!d in 1h1., Yafldarrl. l!.sc-n 1,(11,is xtOltdard ll1't' e"'-~.I' tuhi.f«I tilat ""'""''''01111#1 1~tlrt' 'IYllidit r ,,r"".r mrlr 
/llllffll riRlrt:.. ond tht' risl; ofl,ifrinxrm""' ,,fn«-11,ri/{hts. ll1't' mtin!l.1· thtlrnr '*" rnp01uihili1.r. 

Tim s,alfdurrl i.• s,J,j«r III rt'Y/.s/n,r al an.1• tirnr h.,· 1/w rnp1#ulblr If ''!"''!irol ONPt1"iNtt IJltd mu.JI hr rr,,;,..,,,,,, ~·jiwt' .wor.r and . 
(( ,,.., ff'Yi.wd, ('itl,rr rrapprrWf!d ,.,. •-ithdru..·11. Y,HI,. cum1'M'ftls tur r 11n,11«/ ,u~ fur fffUfflfl u( this Mantl.tuJ ur p oddi1iunal
aundur:J., and .umuld h,, oddrr.u«J ,,, ASTM llradl{llllrltff y,.,, mmmfnffll:s rc•ii/ l"tn'iw ni,eful ,vmidf'rtlllr,n or a mMi,w r1/,~ 
'"pon.•ihlf' tt'rl,nicaJ erHf1miltt't' . .,.,J,idr .11111 ma.r 1111f'nd. If.mu fttl t""1aJ .WW Cl'lfflnlfflts "'1vr - ""'C'ilwi a fair ht'tlrlnfl .l'dU sltrnlld 
m11lcr ,mwr r/t'M'S kn,r,,.·n to lht' ASTM C,m,millf'f" m Slattdards. 1916 6 Ra..'l" St.• Plliladdphia, PA 19101. 

3 

N-341 

http:ff'Yi.wd


4t Designation: E 897 - 88 

Standard Test Method for 
Volatile Matter In the An2!ysis SSample of Refuse-t,t::·::~ ~:.::~1 

J. Scope 
1.1 This test method covm 1he dctcrmmation or the 

percentage orgaseous products, exclusive ofmoisture va~r, 
in the analysis mnple which is released under spcc:ific 
conditions of the test. The k:Dowledp of the volatile matter 
content assists in predicting burning characteristics of RDF. 

1.2 This test method may be applicable to any waste 
material from which a laboratory aulysis sample can be 

prepared. .J "al.1.3 Thu szandard may involve luuaruous mattn 1, opr,
alioru, and ~uipmmt. This SUZN/iud d«r Ml J1IITllOTI lo 
addms a.JI oftM sa/dy problenu Q.fSl)CUJled wilJI itJ II.ft. It is 
w responsibility of tltt uur of tlris :umdar:i to atablish 
qproprla.tt safery arui J,ffJ!rh practim and drtrrmine the 
applialbility ofrqulaicry limiLa.tions prior to we. 

2. Jteferenced Documents 

2.1 ASTM StQJfdanb.· 
E 180 Pra.cticc for Dcterminina the Precision Data of 

ASTM Methods for Analysis and Testing of lndustrial 
Cbemicals2 

E 790 Test Method for Residual Moisture in • Rdusc
Dcrived Fuel Analysis Samplc-3 

E 829 Test Method for Preparing RDF uboratDry Sam
ples for Analysis' 

3. Ddlnirloa 
3.1 r,:/1,uNkrivtdfad (RDf): �
RDF-J-Wast.c used-as a fuel in u-discatdecl form. . �
RDF-2-Waste processed to coane panicle size with or �

without femrus metal sepamion. 
RDF-3--wedded Cud derived from mwucipal ,olid 

wasae (MSW) that has been processed to remove metal, alass, 
u.d ocher morpnics. This nwaial bas a particle me such 
that 95 weijht ~ passes throuch a 2-in. 9quarc mesh screen. 

RDF-4-Combusti"blc waste processed into powder 
farm-9S W'ei&ht" passiaa a 10-mesh screen. 

RDF-5-Combusdble waste densified (cx,mpccsecl) into 
the farm ol pellets. sluas. cubenes or briquettes. 

RDF-+-Combustible waste 1:11·'0011S1Cd into liquid fuel. 
RDF-7-COmbuslib!e .waste processed into pseous ftJd. 

I Tlil - IMIJIDd ii .... 1M jlndiCllc,a ftl A$lM c-ailllll D,)4 
W- MM S W and ii Ille climct llllpOaibialy fll ~ D3'..ll CIII 
W_Dlrivad,.._ 

0.... ldl1ioD ...,._. Mia U. IHI. Nilidled ,.,.,. 1911. ~ 
....... • lffl-12.1-,-iluaclilioa 1197-12. 

I "1flla/ .lld a(ASTJl .$1.&w,m. Val 1.S.O,. 
I A-'..,_ a(ASTJI~ Vol ll.04. 

.C. 5uunuJ ot'Test Metllod 
4.1 Volatile m.auer is determined by eszablishina the~ 

in weight resulting from beating ~ed fuel under 
ripfly-eontrolled conditions. The measured weight loss. 
corrected for moisture as determined mTest Method E 790, 
~ablishcs the volasik matter content 

5. Apparatus 

5.J Plalinwm or Fwd Qwviz Crvcible. with cJ~ 
fittillg cover. The c:ruci"bk shall be or not Jess than 10 DOr 
more than 20 mL capic:ity, not less than 23 nor more th.an 
35 mm in diamc:tcr, and not Jess than 30 nor more than 35 
mminbeisht. 

5.2 Yrica/ Elmric TUM Fumac,.._The furnace may be 
of lbe form shown in F11- 1. It shall be regulated to maintain 
a temperature ol'9SO ::t lO"C in the crucible, as measured by 
a lhcrmocouplc positioned in the f'umace. 

.. Huards 
6.1 Due 1D ~ oripns of RDF in municipal waste, 

comm.on sense dictates 1hat precautions shollld be observed 
,men conduaina rests on tbe sample!. llecommended hy·
sicnic practices indude use or gloves when lwldlins RDF, 
warinc dust masks (NIOSH·a,:,provcd type). especially trhile 
millin& RDF samples. conducting tests undet: a .icptivc
prmure hood when pom"ble, and washing hand$ befcm 
eating or smoking. 

Non I~ c:m"C when pl&c:ine the sample Imo lhc 
'IQlatiJe r..rn-. n. poaibiity or u apiolloa alwa)'I o.isb whn, 
llaliDc suns,lcs d 11U11C1WJ1 on,in. 

'7. Proc:Nme 
7.J Wei,h to 'the nearest 0.1 ma about 1 i of tboroughl:, 

miud air-dried analysis RDF samp.)c in a weighed cruo."'ble. 
CJ.me wi1b a COffl (Note 1). place on a platinum or 
NJcluome-m support and imert di~y into the fw:wice 
chamber, whidl lhail be maintamcd at a iempcnrure of9SO 
~ 20"C. Lowa" the crucible immediately to the 950•c zone. 
Rephuion af'tlle 12WpeatDR to within the prac:n"bed limits 
ia c:riticaL Altlzr the more npid clilchar&e of volalile ma~r 
bis subsided II lllowa by disappearance of tbe luminous 
lame, impect tbe c:nac:ible 10 verify that the lid Is still seated 
If na:asary, raeat the lid lo Juard apjnst the admission of 
air inlo the c:nadhle. Do tlm as rapidly as pcmi"ble by raisina 
tbe Cl'IICl1'lc 110 the top ofthe furnace chamber, reposition lhe 
lid 10 more perfectly seal 1be crucible, 1bc:n lower immedi· 
a1dy back to the 950°C mne. 

Nori 2-'l'k -- llllould lit c:lalel)- ffl0IOlb ., thll lbr cutcm 
.... from Iba rel'w«ri'Wed ftad does not bl&ni aMy tn,m uic 
IUldcnidc. 

J l �

N-342 �

http:qproprla.tt


[ 

[ C,, EE897 

I 
7.2 Afu:r beating for a total 'of eualy 7 min, remO\'C Ebe 

crucible from me funw:e and, withoirt distmbina the c:ovcr, 
&Dew it to tool on a metal COOW1g block. Wqh as 1C>On as 
cold (Note 3). The percentage .less or weiaht minus the 
pen:zntage moisture in aceordance with Test Method E 790 
is tile volatile matter. .. . 

NoT! :J-To cmu:e IUlilormity cl rauhl, Ute ccc1iJ1a plriod llloald 
111 kqit colllW!l ud aboald DOl llC ixoloapd bcJDJld 15 mill. 

I 1. Cakaladaa 

l 
8.1 Calculate the penz:ntage ofvolanlc m&Ueron an-... 

ck:tmnmcd" mm. Y..., a folloff 

YM • ['' ~ B >< 100]-Ma# 

where: �
·,4 · • weight of sample med, &. �
B • weight of sample after beatiaa. 1, and �
Mi__,,. ~ (as-dc:tmnined). "· 

t.PNd15aaudB1a1 
9.1 Prtdsion: 
9.1.1 The standard deviation ofiadi'ridu.11 determinations, 

iD percent absolU1e, is • fallows: 
Typical A¥1il'9 Value, 69 S 
Wllhm-1.abor.uory, 0.7' 
letweCD-Labon1orilll, 2.1 '5 

9.1.l The precision esimates ill I. 1.1 are baed on All 
brtedabor.dary study conducted iu accanfanc:e with Practice 
El80. 

9.2 Bia.s: 
9.21 The bias of liris 1cSt method bas DOt bccD dcse:mined. 
9.2.2 Precision estimlles are tmec1 on ASTM Report No. 

R.R.:E ll-1000 wbicb describes the Pftlimbwy 1eSdJII and 
round-robin 1eSIS.' · 

11»~Sot:J«y forT__Md..,..,..,.,_noptJlllllot1tJtll'llplctlliflhe~ol.,,,~,... .-tlld.,..,.._ltlh.,,,. hm -loltee: Ill ll'llt andeld. U.. ri II*..,,,,,,,• n ~ _,.,,._,lfllt._,111-.., IIIIPi. llllldly danraldl 
,-.,r rl;l?U. fl1Q the ti# ollnfr;.,_,tdacctl IV'*, .. .....,.,,..._......,....,,_ 

11* llat?tWd la~ID~ It Inf '*"t ti,, lhtfNPQI bte~commDN ltld IIIYlf bt,.....,-,,"'9 ......, 
ln«,-.S, ..,.,~or~ 'l'cllrcoow.o..Jeltrwllea..,_lot,.....,fllll*..-a.darlr,llfltl»llwl__,. 
end s.'loukl 1111.,.,,.._ ID AS1M ~ y.., -118 "'1 ,.._ t:llnlul ~It•~,,,,,_~ 
leCMIC* CD'!lffl.llN, lll1IICli )'OIi,,., _,,,, ,,.., fNI 'Ila '/DI tr-,_ IJt1I ,_,.. - ~ )'1111 s/lQlld,...,.,, 
..,.. -ID the ASTJI ~on~ 1914 ,-.$1&., ~ l'A 1_,03. 
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4t DetlgnatJon: E 949 - H 

Standard Test Method for 
Total Moisture in a Refuse-Derlveed Fuel Laboratory Sam!'' .. 1 

1,Sa,pe 
t,1 Tim tct method coven the measumneac otthe t0tal 

moisture in RDF as it exisis at the tune It is sampled. Because 
ofits empirical nature, strict adherence to tat procedures ~ 
iequircd for valid results. The standard is available to pro
ducers, vendors, ed consumers as atotal, two-staae moisture 
mtlllod. 

· t.2 Since RDF can vary tom e:xtmndy wet (wafer satu
rated) to matively dry, special emphasu muse be placed OD 
amplma, sample preparation, ud me method or clctami
utioo. 

1.3 11zis sttwJard may Jn,oht hazardous mattrillb, ope,
'11ioru, tmd ,quipme,u. This stlZNlard dou 1'IOI purport to 
oddm3 all oftht safety prob/mu llJS()C'4ltd wllJr Its tut. It is 
di, rapo,rslbil/ty of lh, wrr of iltis sumdard to atabli.sh 
appropr/4lt J4/ey and htalth prrraiw fl1tt1 damnint t!,e 
applicability ofregulatory limilaliol'IS prior 10 ust. For bawd 
aiatemcnt, :see Srction 7. 

\ 

2, Relcnaced Documents 
2.1 ASTM StandQJ'ds: 
D 3173 Test Method ror M~ in the Analysis Sam))le 

ofCaal and Cokc2 
E 790 Test Method for Residual Moisture.in Rdu»De

riwd Fuel Analysis Sample' . 
E 829 Method of Prepamg RDF Laboratory .:~-'- torAnalysis' ...... ..,_ . 

3. Deffaltfou 
3.1 ob drying-a process of partial drymJo(lU)F to briq 

mmoisture c:ontcm near to equilibrium with lhe aimospbm 
ill wbicb further redu~u., division, .aid clmacticrimion or · 
1lle ample an: to take place. In order to brina about the 
equilibrium, die RDF is usually subject.eel co dl)'in& under 
CODUd1ed 1emperat\lre conditions nmgins &om 30 co 40°C. 

3.2 01tlllysiJ 141Pf11/~ &ml subsample prcpmd hm 
1he aiMried laboratory sample but reduced by paliDa
du'oulb a mil1 with a 0.5 mm (0.02 in.) me or smaller bal 
a:reen. 

3.3 bias-& systc:matic error that is comisteDdy DCptM 
or c:omiatatly positive. The mean of errors ftllllltiaa from a 
ICries ofolllervaliom that does not 11end 1owardl zao. 

3.4 f'01S ltlln/116-& sample rcp.cscntiq aoe lot and cam
paled ofa number ofincrements 011 which neither =DCtioD 
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4.3 The total moisture is c:aieulated from losses in air• 
drying and the residual moisture as sbO'Ml in Section 11.

[ !. Slplficance iul4I Use 
5.1 The collection and tR&tmellt ofthe sample as specified 

baeio is ill1alCkd for the specific purpose of.deicnnmins the 
(_ to\al moislUK in a labomcry sample oflU>f'.:. 

5.2 'T'hi5 test met.bod is available as the method for the 
delamination of wtal moiswrc unless altcniati~ tedmiques 
or modifications have been agreed upon by involved panies. 

6. ApparablS 
6.1 Air Dry Moisturr. 
6.1.1 Drying Oven-A lllp chamber mechanical draft 
~ c:ai:,ablc of maintainin& a controlled u:mpc:ruure in the 
m,c of 25 to 40•c. Air chanaes should be at the rate of 110 
4 dJan&es per minute. Air now should be baffled to preYCDt 

amples from beiq blown out of the sample c:ontaineD. 
6.1.2 Drying Pan-A ~ngpan or mesh basket 

to be used for holding the sample during air drym& opemiom. 
6.1.3 &Janu (Laboratory Sample)-A balance of' suffi. 

cieflt capacity to weigh the sample and contair>er wh a 
1emitivity or o.s a. 

6.2 Sampl~ Rtduction: 
6.2.1 Mill-A mill operating on the principle ofcutting or 

sbearinJ action shall be used for sample particle size reduc
tion. h shall ii.ave the capability to n:gulatc the partide size 
or lhe 6nal product by means of either in1CrehaDpblc 
~as er mill adjustments. The mill shall be encklsed and 
should generate I minimum amount of heat dDl'ing the 
millin& process to mi.nimizt the potential for Joss ofmoisture. 
The final prod-uct shall pass through a 0.5 mm or smaller 
screen into a receiver !ntegral with the mill. Access sbouJd be 
provided so that the mill can be deaned quiddy and easily 
'bctwccn samples. 

6.3 Residual Moimu~: 
6.3.1 Drying Own.· 
6.3.1.1 Ref..'7e~ Tn,e-lbe oven shall be so coostructdas 

to have a uniform temperature within the specimen chamber, 
have a minimum excess air volume, and be capable of 
constant tempcn~ regulation a: l 07 ± 3°C. Provision shall 
be made for l'C1le'Nina the preheated air in the OYeD at the 
me of two to four time, a minute, with the intake air dried 
by passing it tbroua}l a desiccant. Ano= similar to the one 
illustrated in f"lg. 1, Moisture Oven, ofTest Method D 3173 
is suitable. 

6.3.1.2 Routin~ ~A. chying oven of enher lbt me,, 
~ical or natural circulaliOD tyi>e which is capable of con
stant unifom tcmperatu~ within the specimen wambc:r 
rqul&ted at I07 ± 3"'C. 

Non 1-'Either type or- may be ued for mmtie ~ 
~. the ref'cm"-type - shall be usod t.o iaol¥e diffemlca 
~ detcnninatiom. 

Ii.~-?. Cn11U1/nl'T!-A conveni.:nt form that allows the uh 
deterroil:ation to be made on the same sample is a porcelain 
~ 22 mm in dcpt.'l and 44 mm in diameter ~r a NSCd 
silica cai,')SUic of simiiar shape. This s.hall be used with awell
iw,i.16 r.;:~ .:.i ·..i:.,ir,u o.: 0.1--.:. Fl.ltinum CTUC1oles or glass cap, 
~ wi1h ground abss caps may also be used. They should 
be as shallow as possible consistent with c:onvenicm bandlc
ability. 

.6.3.3 .4""1ytiaJ/ Baltmtt, with 0.1 mg temitivity. 
6.3.4 Ana/ym Sampk Conuwrm-Heary (minimum 4 

mil). vapor-impervious bap, p-aperty 11:Ud; or noDCOff'Od. 
ma cans. pus jm, or a,lutic bottles wim lir-tiaht scalini 
am:rs to store RDF samples for aaal)'Sis. Coa1aiam shall be 
cbecked for suilability by measuring wcipt 101s or pin or 
the ample and amtainer aored lor I week under ambient 
labom1my conditions. The weiaht loss or pm mould be Im 
than 0.5 ~ of the IIJ1lple weight ston,d in C011tainer. 

7. Huardl 
7.1 DIie to lbe arigim ofRDF ill manidpa) WU1C, com

mon sense diclates that :10me prccautioas lhoaJd be oblencd 
' when conduc:tiq tests OD 1be samples. Recommended by. 
; pmc puctices lndude me or Jk)ves wben bancflm& RDF; 
· M:lriq dust maw (NIOSH-appr'CMd type). apecia1ly when 
: sbrcddina RDF amJ)les: condUC'tinJ as under acptivc 

prmure hood when possi'ble; ud wl1eD wuhm& bands before 
I eatiq 0, anolcina. 

7.2 l..abomary ample bandlina sball be p::dormed by 
trained pcnonncl. All oJ)Cr.liiom shall be clone u rapidly as 
poaible to avoid sample moisture chaqes due to lbDOSPberic 

•elpOSUr'C. 
7.3 At Ill times ROF •mples sbouJd be~ from· 

moisture chanae due to aposlU'e to rain, snow and SUD, or 
, C011tlc:t with absorbent materials. 

7.4 Since heavy fme particles tend 10 llegCp1e iapidly in 
the RDF analysis sample, the analyst should exercise care to 
.mm that the analysis sample is wd1 mixed prior to perform· 
iDg the residual m~determination. 

1.S When the residual moisture is 1o be med for lhe 
, d&rminaticm of total moisture, special care shall be tam 
· 1o avoid any change in sample m~bet'IYecn tbc comple
. tion of air drying and analysis for iesidual moisture. It is 
: recommended that the delay 'between sample preparanoo and 
· the determination of residual m~ be a maximum or 72 
i h. 

7.6 Sami)les lhculd be transponed to the laboratory and 
: analyu:d as soon u pom'ble. If any sample ba.Ddlin& step 
1 involves an extended time J)Criod, the sample and cootainer 
1 should be ~ bef'o~ and after the process to determine 
: an.y wcisht pin m loss. This· -weiahl pi.a or lDIS lhall be 
i iDcluded in the c:aJculatioa of moisture conteDl. 

7.7 Forcc-fcedin& ofthe sample throuah the mill Cilll over· 
I load the motor. An overload c:ao cause rai,id hes.tin& of the 
I rotor and miD chamber with possible loss of residual mO&s

-, tan:. 

: a. Samplfq (Note 2) 
8.1 R.DF produ~ ~ frequently oonboJnosenec,us. For 

· ihis reason, care should be exe:n:iscd to obtain arepresentative 
1 ample from the lU>F lot to be c:baracteri%ed. 

8.2 1bc samplins method for this proc:ed1m should be 
~ based on qreemcnt between the involved parties. 

8.3 For 1his proced~ the laboratOI)' sample size will 
aormally not exc=d l q with some variation possible dc
pendina on the laboratory equipment available. 

8.3. I Due lo the heterogeneous nature of ROF, dividing a 
laboratory sample to a very smaD size analysis sample may 
result in 11011-reprcscntative results. Since millioi operations 
mix the sample as wdl as rcdllCC particle size, laboratory 
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i;arr.ples should not be divided before the initiaJ prepa.-ation 
*P5 have been completed. 

Naff 2-ASTM Subcommia.ee EJl.01 is cum:nrly iii the process ol 
d,\ldopina a prooedu~ for sampliaa JtDF. Tbc dlairmaa of E31.0I 
ID0uio 11e Q)lllgr;tcG 1or dcUi1s. 

,. Sample Prtpantioa ~ 

9. l The principles. terms, organization and preparation 
procedw= as establi5hcd in Method E 829 shall apply to the 
lland.ling and preparation or RDF ror detal'llination of tDtal 
moisture by the cwo-stagc method. 

9.2 This procedure provides for usina an air-drying oven 
to equilibrate laboratory ,ample moisture prior to reduction 
in size or amount and a moisture OYCD for determination rl 
Rlidual moisture on the air.dried analysis sample. 

9.3 1be labomory sample must be air dried and particle 
lize reduced to pass a 0.5 mm screen as described in Method 

· �E 829, for the residual moisture (second s&agc) of the tata1 
moisture ddaminatioa. 

10. ProaiDn -· 
JO. I Air Drying Laboratory Sampl~ 
10.1.1 Weigh the entire laborauwy sample into a iared air

m,ina pan. Use more than one pan if necessary. If a Ye%)' 
ftne mesh type oC dryins pan is u,cd, size the mesh such that 
the sample will not be lost through iL Sample deplh in the 
dryiDa pan shall be no peat.er than 10 cm (4 in) and any 
lumps o! sample shall be broken up. . 

10.l.2 Air dry the sample at 10 to lS-C abo"Ve ambient, 
but aoc greater than 40•c until me Might loss is Jess than 
O.l ,r. of the sample weight per hour. Normally, allow the 
sample to air dry for a set time period sadl as ovemjght or 
24 b. To speed the drying sta&e, stir the sample cucfully 
while avoidina loss or sample (Note 3). 

Hoff j...'TIie air duchazJe o(thc (creed cltaft airdryiDJOtm lllouJd 
be llbeftd Jlricr' u, dixlwF to lllinimize labondory COlltlllliDadoa by 
aireauaillld llDF d11s1. 

10.1.3 At the end of the air dryin1 period, cool tbe sams:,le 
to room temperature and "M:igh. Prated the sample from 
conwnination and loss durinc the cooktown process but do 
not place ia a desiccator. Calculate .air dry moisture loss . 
pen::ent in accordanc:e wilb Section 11. 

10.1.4 Separate, wci&h. and hold non-m.illables for "further 
dallific:ation and UJC for analysis if necessary (Nace 4). Mill 
the remainder or the sample in aa:ordaace with Mctbocl 
El29. - . 

10.1.5 The calcuJation ror the decimal percent of .,.. 
mill•hles (NM) is: 

NM • Weipt in pms of llOHD'11ables 
Weisht in pains dair-driedample 

Neff ~Noo-milllbles are dlaac ID&U:l'iak llbicb wil DIil ... 
tlM'ollcll die lldllina JCftal. or may dump tbe alDma lllllm'ltm. or 

tboll&. 

10.2 Residual Moistur~ an Air·Dri,rd And)f1i.r Sar.::,/,.. 
10.2.l Heat the empty containers and covm under !he 

, conditions at which the !'ample K ,n nio -irl'"'1 ,......,_ .1,. ,....,,_,. 
, or cover oo the container, cool over a desia:ant for about 15 
I to 20 }Din, and weiib- Mix the sample, if neccmry, arid dip 
, out with aspoon or spatula frolJ'. tte sami;le bottle ar;r.,ro:u
1 mately l I or the sample. Put me ample qakkly into the 
, container, cover and wc:i&h at oo~ (Note S). 

Nan S-lf-..ciabinl lloab with air-cipf CO"- 1111 llled, it may noc 
t be-=--,yto pdleat die llloiscun: ~ C0lllliner D01111 ~ 
t it after drym&. . . 

10.2.2 Remove the cover and place in adesiccator. Qukkly 
I place the uncovered container into an ovni prell~ted to I07 
: : 3"C through which is passed a ~tofdr1 air. Oose lbe 
c oms at once and heat for l h. Open the oven. l"Cfflove, cover 
t the COIIWDer quickly, and cool m adcsiccatvr OW'f de:sia:mL 
' Weigh tbe ample and c:on1ainer as soor.. as cooled to room 
t �temperature. 

I 11. Cakta1ation 
11.1 The air dry moisture, A, is calculated as foUows: 

G-L 
..4 • -r X I00 

,-where: �
.1. A • air dry moisture. '9, �
<G • waaht. in grams, orlaboratory sample before air drying. �

and 
l L • waabt. in oams, of laboratory sample after air dryini. 

11.l Calculate the percent raidu.1 moisture, R. in the 
1 a.nalym sample as follows: 

S-B 
R • '7'" x JOO (I - NM'/ 

,where: �

I R - resxlaal moisture. "· �
~ s • crams oranalysis sample used. 
l B • Jl'UQI ofsample after beating at 10rc, and 
J NM • decimal percent of non-millable as determined in 

10.1.S. 
11.3 Calculate the pe:rcent total moisture, M. iD the Jabo. 

r. l'lloty sample, as follows: 

II• Jt(100 - A) • 
100 +.,. 

'ti~ 

IM• 10tal moiltve, "• 
J .It • laidual moiscure, "· and 
A .4 • air dry JDOiatme. ~ 

112. P1'ICI l• ... 11111 
12. I Pn::cision and bias has DOt been d~ed. 

n.~ai.:.,y1o,r....,,,..,_.....,..,.,,_,,,,.,.,.....,,...._fll.,,__.,,_,_.,"~..,..,,..,,,....., .. .,....,_u.ad11111..,,,.,., ... ......,.....,,., ........, .... ,..,. r,1_,,wc11 
,...,.... ..1111111tot•••........ rt1..,.,., ........,,__,........,. �........_..,.,,......,,,_,,,.,..-..........,_..................,,..,..,.., �........,.filhlt~OI..,.._Y_.............,...fllr~ttlM...,..lar...,_,IIIIIIWdl�""'"'-"'•----•.ASTII'* ,, llii,Yal,_...,,.,..~............~",,..~ �
.................,.,.,......,...,.,.,.. •• _.,.,.,.,...,,.,._,..,,,,,. fltollld ... .,«I �
.,,_...,_ to•Alfllc-.lllN ........ flft*-9 a.. IWlftE 1 .... M tf10I. �

3 
N-346 

http:Subcommia.ee


N-7 

pH and Temperature 


N-347 �



4-65 pH VALUE (4500-W)/Elec:trometric Metnod 

4500-H+ 

4500-H+ A. 

1. � Principles 
.• 

Measurement of pH is one of the most important and fre
quently used tests in.water chemistry. Practically every phase of 
water supply and wastewater treatment, e.g., acid-base neutral
ization, water softening, precipitation, coagulation, disinfection, 
and corrosion control, is pH-dependent. pH is ~din alkalinity 
and carbon dioxide measurements and many other acid-base 
equilibria. At a given temperature the inumily of the acidic or 
basic character of a solution is indicated by pH or hydrogen ion 
activity. Allcalinity and acidity arc the acid- and base-neutraliziug 
capacities of a water and usually are expressed as milligrams 
CaC03 per liter. Buffer capacity is the amount of strong acid or 
base, usually expressed in moles per liter, needed to change the 
pH value of a 1-L sample by 1 unit. pH as defined by Sorenson1 

is -log [H·J; it is the "inten.sity" factor of acidity. Pure water 
is very slightly ionized and at equilibrium the ion product is 

(H-]lOH"] • K. 

• � 1.01 X 10"" at ~C (1) 

and 

[H·] • [OH-J 

• � 1.005 X 10"7 

where 
[H·J "' activity or hydrogen iom, moles/1.., 

[OH· J s activity or hydroxyl ioas, moles/l., and 
K. • ion product of water. 

Because of ionic interactions in all but very dilute solutions, 
it is necessary to use the "activity" of an ion and not its molar 
concentration. Use of the term pH assumes that the activity of 

• Approwd by Stalldard Metbods Committee, 1990. 

pH VALUE* 

Introduction 

the hydrogen ion, a"•, is being considered. Toe app•o:ximart 
equivalence to molarity, [H·J can be presumed only in very 
dilute solutions (ionic strengtl: <0.1). 

A logarithmic scale is conve:i.ient for expres~ing a wide range 
of ionic activities. Equation 1 c; logarith.nic fcrm and corrected 
to reflect activity is: 

(2) 

or 

pH+ pOH pK.E 

where: 
pHt • IDJ,o 11H• and 

pOH • log,o aoH·, 

Equation 2 states that as pH increases pOH decreases corre
spondingly and vice versa because pK,.. is constant for a given 
temperature. At ?S-C, pH 7.0 is neutral. the activities of the 
hydrogen and hydroxyl ions are equal, and each corresponds to 
an approx;znate activity of 10-1 moieS11.. Toe neutral poi!!! is 
temperature-dependent and is pH 7.5 at O"C and pH 6.5 at r:nc. 

The pH value of a highly dilute solution is approx:ima.cly the 
same a.s the negative common lcgarithm of the hydrogen ion 
concentration. Natural watm usually have pH values in the range 
of 4 to 9, and most are slightly basic because of the presence of 
bicarbonates and carbonates of the alkali and alkaline earth me:
als. 

2. Reference 

1. � So11£NSOl'I, S. 1909. Ober die Mes.sung ucc die Bcdeutung der \\'as
sentoff ioncn Koczentration bci Enzymarischen Prozcs!>en. Biochem 
Z. 21:131. 

t p desipates - lot,. of a number. 

4500-H + B. Electrometric Method 

1. General Discussion 

a. Principle: The basic principle of electrometric pH meas
urement is determination of the activity of the hydrogen ions by 
potentiometric measurement using a standard hydrogen elec· 
trode and a reference electrode. The hydrogen electrode consists 
of a platinum electrode across which hydrogen gas is bubbled at 
a pressure of 101 kPa. Beca~ of difficulty in its use and the 
potential for poisoning the hydrogen electrode, the glass elec
trode commonly is used. The electromotive force (emf) produced 
in the glass electrode system varies linearly with pH. This Ii.near 
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relationship is descn"bcd by plotting the measured emf against 
the pH of different _buffers. Sample pH is determined by ex
trapolation. 

Because single ion activities such as aH • cannot be mcast.red 
pH is defined operationally on a poteotiometric St:ale. The pr 
measuring instrument is calibrated pocenciometricaliy v.ith ar 
indicating (glass) electrode and a referen,:e electrode using Na 
tiOSlal lllstitute of Standards and Technology (!',1ST) buffers ha,
in& usi,ned values so that: 



2-59 TEMPERATURE (2550)11.aboratory and Field Mettiods 

2550 TEMPERATURE· 

2550 A. Introduction 

Temperature readings are used in the calculation of various in general laboratory operations. In limnological studies, water 
forms of alkalinity, in studies of saturation and stability with temperatures as a function of depth often are required. Elevated 
respect to calcium carbonate, in the calculation of salinity, and temperatures resulting from discharges of heated water may have 

significant ecological impact. Identification of source of water 
supply, such as deep wells, often is possible by temperature 
measurements alone. Industrial plants often require data on water 

• Approved by Sundard Method> Committee, 1993. temperature for process use ot beat-transmission calculations. 

2550 8. Laboratory and Field Methods 

1. Laboratory and Other Non-Depth Temperature apparatus so that a water sample may be obtained simultane
Measurements ously. Correct readings of reversing thermometers for changes 

due to differencc·s between temperature at reversal and temper
Normally, temperature measurements may be made with any ature at time of reading. Calculate as follows: �

good mercury-filled Celsius thermometer. A$ a minimum, the �
thermometer should have a scale marked for every O.l°C, with � AT -= [ (T' - r) iT' + Vo)]

- markings etched on the capillary glass. The thermometer should 
have a minimal thermal capacity to permit rapid equilibration. 
Periodically check the thermometer against a precision ther X [ 1 + (T - t) (/, + V0) J+ L 
mometer certified by the National Instirute of Standards and 
Tccb.Dology (NIST, formerly National Bureau of Standards)" 

where:that is used with its certificate and correction chart. For field 
I:.T • correction to be added algebraically to 1111correctcd reading.oper;.tions use a thermometer having a meta.I case to prevent 
T' = uncorrected reading I.I reversal,breakage. 

t • temperatitre at which thermometer is read,
Thermometers arc calibrated for total immersion or partial V0 z "Olume of small bulb end of capillary up to O"C graduation,

immersion. One calibrated for total immersion must be com K • constant depending on relative thermal expansion of mert"Jry 
pletely immersed to the depth of the etched circle around the aDd '1ass (usual value of K • 6100), and 
stem just below the scale level. L • calibration correction of thermometer depending on T'. 

If series observations are made it is convenient to prepare 2. Depth Temperature MP.asurements 
graphs for a thermometer to obtain AT from any values of r 
and 1.Depth temperature required for limnologicaJ studies may be �

measured with a reversing thermometer, tbermophone, or ther· �
mister. Toe thermistor is s:r,ust convenient and accurate; how 3. Bibliography �
ever, higher cost may p,eclude its use. Ca.librate any temperature �
measurement devices with a NIST-certified thermometer before WAJUt£N, H.F. & G.C. WHIPPLE, 1895. The thermopbone-A ne,r,· in

field use. Make readings with the thermometer or device im· strument for determining tcmperarures. Man. Inn. Ttchnol. Quart 
8:125.mersed iD water long enough to permit complete equilibration. 

SVU!>I.UP, H. V., M. w. JOHNSON & R.H. FUMING. 1942. The Oceans.Report results to the nearest 0.1 or 1.Cl°C, depending on need. 
Prentice-Hall, Inc., Englewood Oiffs, N.J.The thermometer commonly used for depth measurements is 

AMEJUCAJ,i SOCIETY FOIi TE5TING A-"'0 MATEJUALS. 1949. Standard
of the revers;ng type. It often is mounted on tbe sample collection Specifications for ASTM Thermometers. No. El-S8, AS1'M, Phil· 

adeJpbia, Pa. 
Ru, W.R. 19S3. Thermistors for depth thermometry. J. Amtr. Wa1cr 

• ""'"' eom,nerti.J tLer.nometen 'tlav be u mucil as 3°C ill ermr. War.ts A.uoc. ,s:2S9. 
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2-60 PHYSICAi. & AGGREGATE PACPERTlF.S (2000J 

2560 PARTICLE COUNTING AND SIZE DISTRIBUTION {PROPOSED)" �

2560 A. �

1. General Discussion 

Particles arc ubiquitous in naturai waters and in-water and 
wastewater treatment streams. Particle counting and size distri· 
bution analysis can help to determine the makeup of natural 
waters, treatment plant influent, process water, and finished water. 
Similarly, it can aid in designing treatment processes, making 
decisions about changes in operations, and/or determining pro
cess efficiency. Methods for measuring particle size distribution 
included ilereio depend on electronic measurement devices be· 
cause manual methods are likely to be too slow for routine anal· 
ysis-. However, when particle size analysis is to include size dis· 
tribution of large (>SQO..µ.m) aggregates, use direct microscopic 
countin& and sizing. Principles of various types of instruments 
capable of producing both si~e and number concentration infor
mation on particulate dispersions are included. Unless explicitly 
stated other.vise, the term "size distribution" means an absolute 
size distribution, i.e., one that includes the number concentration 
or count. 

In most particle-counting instruments, particles pass though a 
sensing zone where they are measured individually; the only 
exception included is the static type of light-scattering instru
ment. Instruments create an electronic pulse (voltage, current, 
er resistaDce) that is proportional to a characteristic size of the 
particle. The instrument responses (pulse height, width, or area) 
arc classified by magnirude a.nd counted in each class to yield 
the particle size distribution. 

2. Selection of Method 

Three instrument types are included: electrical sensing zone 
instruments, light-blockage instruments, and light-scattering 
instruments. 

Select instrument consistent with expected use of the particle 
size ailalysis. Instruments vary in the particle characteristic being 
sensed, lower and upper size limits of detection, degree of·res
clution of the size distribution, particle number concentration 
range that can be measured accurately, amOWlt of shear to which 
a sample is subjeded before measurement, amount of sample prep
aration, operator still required, and the ease with which data can 
be obcained and manipulated into the desired forms. Sec Sectioos 
2560B.l, C.1, and D.l, and manufacturers' literature Cor infor
mation on characteristic:$ of each type of instrumentation. 

Some instruments c:an be set up for either continuous-flow or 
batch sampling. Others can be used only for batch analysis. For 
instruments usable in beth modes, check that 00 systematic dif. 
ferences in particle size distn'butions occur between continuous
flow measurements and batch samples taken at or near the intake 
point for continuous-flow samples. 

"Appro,,ed by St.andald Mctbods Comnunce. 1993. 

Introduction 

3. Sample Collection and Handllng 

a. Bt11eh jampJB: Use extreme care in obtaining, handlin&, 
and preparing batch samples to avoid changing total particle 
count and size distn'bution. 

Choose representative times and lo.::atic,ns for sampling. En
sure that particles are not subjected to greater physical forces 
during collection than in their natural setting. Collect samples 
from a body of water with submerged vessels to miniir.ize tur
bulence and bubble entrainment. If sampling from partic:ular 
depths, use standard sample~ designed for that purpose. For 
flowing systems, make sure that the vel0City into the opening of 
the sampling device is the same u tha: of th.: flowing stream 
(isokinetic sampling) and that the opening diameter is at least 
5() times as large as the particles to be measured. F.Jr sampling 
from a tap, let water flow slowly and continuously down the side 
of the collection vessel. 

Mioimi%e particle contamination from the air, dilution water 
(or, for electrical sensing zone instruments. electrolyte solution) 
(see 14 below), and any vessel or glassware that comes in contact 
with the sample. Minimize exposure to air by keeping sample in 
a closed container and by minim.izing time between sampling and 
analysis. 

Preferably use glass bottles and other vessels with bottle cap 
linen cf TFE. 

Clean all glassware saupulously by automatic chshwashing, 
vigorous band brushing, and/or ultrasonication. Rinse glassware 
immediately befo~ use with particle-free warer. Between sam
ples, rinse any part of the instrument that comes in coniac~ with 
samples with either clean water or the upcomillg sample. Alter
natively, nm multiple replicates and discard the first results 

To avoid breakup of aggregates of particles or fl~. sample 
and make dilutiom very slowly using wide-bore pipets. needles. 
or other sampling devices; cut off pipe! tips to avoid high ve
locities at the entrance. If sample dilution i5 required, add ~mple 
to dilution water, not vice versa, by submerging the pipet tip in 
the dilution water and releasing sample slowly. Use minimum 
intensity and duration of mixing adequate to dilute the sus
pension iato the dilution water. Avoid mechanical stirrer: inside 
the sample or ultrasonication. Simultaneously gently rota!~ anci 
partially invert entire sample in a closed bottle. Use cylin
drical dilution bottles to avoid sharp comers. Leave less than 
approximately 25% air space during mixing. To avoid sedimen
tation, make measurements immediately after mixing. Do not 
mix during measurement unless absolutely necessary to prevent 
sedimentation. 

Most surlace and ground waters contain relative!y stable par
ticles that agrcgatc slowly. Particle size distribution in bdog
ically active waters or waten that have been created with co
agulants is mo~ likely to change over short time periods. To 
minimize 6occulation, mi.nimi%e time between sampling ar.d 
meuurement. In highly floc:eulent systems, maximum holding 
time should be only a few minutes; for more stable samples, a 
few hours may be acceptable. Dilution slows flocculati0n kinetics 
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CO Protocol 


(See EPA Reference Method I OA, CFR 40, Part 60 
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CO2 and 0 2 Protocols 

(See EPA Reference Method 3A, CFR 40, Part 60 
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/IMDCAll SOCETYFOl!TE:5T1NG AIJIJ MA~4ffit} Designation: C 6051 - 96 1ooa.,-1>.--.PA t~ ,,._.,..____ ..... __. ..,__,---... --.-~"aM-..ll..c_,.,..All'N 

Standard Guide for �
Composite Sampling and Fieldd Subsampling for �
Environmental ~~ste Managenment Activities 1 �

L Scope 
1.1 C.Ompositing and subsampling are key links ill the a 

dwD or sampling ud analytical em1ts that must bee 
pa:farmcd in compliance with project objectives and fnstruc. >
uom 1:0 ~ tba1 the resulsm, da1a are rcpracatadve. This I 
swde dbcusaea the advantages and appropriate. use of ( 
composite samplina, field proc:edmes and t.echnjques 10 mix l 
1be composite sample and~ to collect an Wlbwed ! 
ad prc:c:iac IUbsample(s) from a larp:r ample. h discu&,es s 
Iba ac!Ylm1qea Gd limitations orumia compome samples in c 
desisrrins ampling plans for ~ of wtcs s 
(mainly l0lid) and potentially contaminated media. This ;a 
,aide l.1SQmQ that an appropriate sampling device is sdec:tcd d 
1o c:c&ct a unbiased sample. 

1.l 1be pide docs 110t ~ where samples sbouJd bee 
c:olJec=d (depends on the objectives) (see Gaide D 6044). ). 
tdection of samplli!a equipment, bias introduced by 1C1ec,.;.. 
tioc otiaapp,upriate samplina equipment. ample coUection n 
pn,cedurcs or collection ota rcprmtatiw apcc:imen from a a 
sample. or mtimcal interpretation of mwtam. dafa and d 
devices drsped to dynamically sample proc:ca wasie:e 
stR:ams. It Ibo dOC3 not provide lllffic:i.ent inR>rmation to .o 
ltlristically desiln an optimized samplma plan, or~ ic 
the Dumber or sample3 to collect or calculate 1ho optimum n 
umber or amp!= to composite 10 acmeve specified data ta 
quality objectives (~ Practioc D 5792). Standard procedwa s 
forplaniiina waste sami,lina activities arc addressed ID Guidclc 
D4687. 

1.3 Tbc sample mixing and subsamplina ixocedun:s ~~ 
ICMed ID thil suide are comidued mappropria1c for samples:s 
to be .amfy7.ed for 'IOlatilc orpnjc comPO'QDds, VolatileJc 
orpmca are typically lost through YOJat,"Jjzation duri!Sa11 
ample colltction. hauitins. lhippini md laboratory samplele 
Jll'Cl)Uatioc unJa., apeciaJiud procedures are um Tbc1e
Cllhucm mmna dacribed mthis auidc is cqio:to<1 to CIUleae 
14,ni"'-aDS IOIIDI ot YOlatile c:omtiraeacs. Spcd•lfm1 proco+ 
clma lbould be used tor compositiq samples for cfetermina.a. 
~ ol ¥Oladles sw:h as c:ombiDms dindly into merb•nolol 
(me PrlGdce D 4$47). 

1.4 27w Mll1ldard doc not J1U1'1IO'I to aditJr= oil It'dw 
Ill/«, CIOflCfflll. If any, IW«:iaud with Ju 10t. It b lhiw 
,~mt,<t'dw 11.m ofthu Sl4ndl:td t.o atablim app,o+
Jlri4u q«p and haJtJ,, praaf.cu and dctmnlne 1M applu»,o
bllil), of'f'l6U/tltan, llmJustlmu prior to u.re. 

2. Rete:nncecl ~ts 

2.1 ASrM Skmdar,u: 
c 702 Pndicc for R.educins Sac~I~ or Aggrepte u, 

TatiD&Su.r 
D 1129 Tamin.olosy lldatina to Wmr' 
D4439 Ta:mmolasy for Gccsyn1heucs" 
D4547 Pl:IICCb tor Sampnns Waste and Sails for Volatile 

Oipnics' 
04617 Ou.idc for Oeneral Pwwi'll ot Wasie Saiapliar 
D5088 Pzacdce for DecontJrnin11tion otFJdd ~ 

Ulld c Nonradioactive Waste Sites4 
D S792 Pracdce for ~II ol Envinmmental Data 

ll.clated to Waste Management Adivities: Development 
oto.ia Quality Objecti~ 

I>~ Guide for Repr,:xntative Sampling !or Manarc,
mmt of Wala and Contarninated Media' 

E 856 Ddimti.ona ofTcnm and Abbreviations RdatiJll 10 
PbysicaJ and Oesmc:al CbaActe:ristic: or l\cf\J»De
rmd f'Uel' 

3.Ta........, �
3.lD,/1,,Jdo,u: 
3.1.1 oam,,onu MZmp/4, ,._. combm.ltion or two ar 

mmeamplea. D1129 
3.1.2 $/llff/lle. n-a portion of matc:rial takeu from a laziet' 

quantity for the purpose olelrim1t:in1 ~ or com;,o
litio11 ol the 1upr quantity. I: 856 

3.1.3 IP«bnffl, ,,_. spec:i.fie pc,11ion of a material or 
1tborttDry aamplc upon which a test is performed or which is 
11.k=btbalputp01C. . D"439 

3.1.4 llll=mpk. ,.._.. portion at• sample ta= for the 
~ otesrimatina ~ or composition of1he whole 
ample. 

l.l•.C..l ~ subAmplc. by ddinition, is also a 
ample. 

4'.s..-rytlG.w. 
U nil pi.de dea:riba how the collection or composite 

...... oSIPCIN4 to individual l&mp1cs, may be used to: 
IDQff pra.iidy admalC thew concea1rati.oa of a waste 
aaaJyte ia a,ot,minmd media. reduce COlt3, c:mciently 
dltamiu 1be ablence or pc,aib]e prcseDCe or a bot spot (~ 
biabi, 101l•minl1ed local area), and, wbcD coupled with 
retelmll ICbeme,, dllden1!y lotaie hot spots. Specific proco, 

1 
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dmes for mwna a sample(s) and colleciina subsamples for r 
uansport to a laboratory are provided. 

5. S1pifle1nce and Use 
5.1 'This guide provides guidance to pe:rsom m•n•&ina or r 

responsible for desipung samplin& and ~ plans for r 
detcrminin& whether sam,le c:ompositina may assist in mare : 
cfticialtly mcetma study objecth-es. Samples must be : 
composited properly, or ucfuJ inf'ormadon on coutamma- • 
tion distn1:Ntion and sample 'Ytriancc may be lost. 

5.2 The pro=dures desc:ribcd for mixma amples and I 
obeainm& a representative subsample arc broadly applicablc : 
to wuie samplina wbc::rc it is desired 10 uansport a Rduced I 
amout of material to the laboratory. 'Ibc mixing and I 
IUbsampling sectious s,t0vide auidance to pmom prcpariq & 
amplin& and analytical plans and 5e1d pcnomx:l. 

5.3 While this guide icnerally focuses on solid ma=ia1s. , 
the attnblEtcs and limmtions of composite sampliJll apply ' 
·equiny to static liquid.samples. 

6. Attdktes of Cooposlte Sampliq for Waste Clwactlr- · 
lzadon .. 

6.1 In~ the individual samples tD be composited I 
should be of the same mass, bi:,wever, proportional urnp]iJli I 
may be appropriate in some cas= depcmdiq llJ)OO lhe : 
objective. For ct.ample, if the objective is to determine the 1 

aoYCtqe dram concentration of a contaminant, compositina , 
equals volumes of wam from ca.ch drum would be ~ • 
priate. If the objective is \0 determine awrage conr,rnmant t 
concentration o! the waste contained in a poup ot drums, , 
1bc vclume of each sample to be composited should be 1 

proportional \0 the amount ot waste in each drum. A.Datha : 
example of~rti:,nal sampling is c:stimatms the contam- • 
hwlt concentration of aoil overlyina an impermeable zone. . 
Soil cores should be collected from the surface to the 1 

impe:rmablc layer, regardless or core lcn&th
6.2 The principal ad~ta,&es of sample compositing in- • �

dude: rcductic,n in th: variance of an estimated average 1 �

an-o::entration tl).' inc:rwing the efficicney of locmll8/ , �
jdmtifying hot spots (2), and reduction of amplma and I �
analytical C0SlS (3). These mai!l. a1vantagc, arc 4is:t1ssc:d in L �

1he fo[I.DWUl& paragraphs. However, a principle assumptum 1 �

11ccdcd tc justify compositing is that analytical com are !dsh 1 �
relative to sunpling costs. In pcm!, appropriate UIC ol r �
ample compositing can: �

6.2. 1 Rcdu.::c intcr-&i.mpJe variance, tha1 U. improW tbe I 
-precision of the mem estimation wbile rr:ducmg the proba- • 
uility otmakina aa .mcorrec:t decision. 

6.2.2 bdw:e costs for cstu::iatin& a total or mean value, , �
cspeciaI1y wbcrc analytical costs sreatly c::xcced samplina 1 �
ccm (alr may be c:ft'cctiv,: when anaJyticaJ capacity is a 1 �

limmtian). �
6.2.3 Efficiently d.elermbe tbe absence or J)CSSl"ble pres,, · �

,..,~ ,,,,,,,. -·· nr 'ltnt N'll"t:ii11i:rs and, when comhwcd with , �
mestinJ IChcmcs, identify hot spots. as long as the prob&- • �
\iility of bittill4 a hot 'P()t b low, �

6.:2..4 Be ~ly useful for situations, wbcre the u:ure 1 

t TM boldr- DIUZlbal ia puaQcm n:fc:r IQ a lisl «""- II Iba ad I;/ ~ 

~pia. �

: l 
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6.5.l The effectiveness or C0I11positina depends on thchc: 
mlarive m.ag:iliude or samplin1 and anal'Jtica! em,r. ~ 
samp!in1 unc:erta.inty is high relative to analytical error(~ u l5 

\IIWllly mumed tc be the c:aJe) compositing is v~ cfr~ffic 
in improvini precision. If analytical erron are bi&b ~vcve 
~ ~.. t,&\(.o,.\, Jampl.: ~..O~.J.& i.. .Du...J :~ :.".:.c-·.;. 

6.5.2 Because compositing is a pbysic:aJ avcrqing JJtoCCSSA 
composnc samples tend to be cio~ normally distributed=d 
than the individual samples. Tbe DOrDWizi!II dJ'cct uis 
hqu.en1ly an ldvantace since calcula.tion ofmeans, standardrd 
devia1ions and confidence intervals pcrally assume tbdlr. 
data are normally distn"butcd. Although cnviroamental ~ 
idue dam are commonly non--normally distributed, com·:n
positing often leads to approximate normality and avoids thchc 
sed to tnnsf'orm the data. 

U.3 The spatial design of the c:cmpositing scheme can bcbe 
importanL Depending upon the locations !rom which ~ 
indiwlual samples are c:ollccted and composited, compositde:S 

· CaJS be med to determine spatial wriability or improve tbthe 
precision of the parameter beiq estimatt4 F'll\ffl:S 1 and l l 
repzescnt a lite divided into fourcdls. Composite all sample:lcs 
with 1hc same number together. The sa:mplin1 approach ir in 
F'll, 1 is similar to sample random samplinlo ~~ arare 
aow composite samplu. Each composite sample m this c:uuc 
is a rcprcsentative sample of the c:ntire site, f!liminatctcs 
c:eD-to-cel1 variability, and leadJ to increased precision uin 
esmnarin1 the mean concentration or the site. It cbcre is • a 
need to estimate the cell-to-cell variability, tbeD the approadch 
in Fil, l is suitable. In addition. ifthe precision ofesrimannina 
1hc maa concentration or the c:dl is needed. muJtiplQlc 
mmposite samples should be c:ollceu:d from that cell 

6.6 l;f«t an Co.rt Rlduction-Because the compositcite 
amplcs yield a more precise mean estimate than the amme 
nambcr ol individual samples. there is the potential foCor 
IUbstantial cost savins. Given the bigher precision mocia!red 
wuh composite samples, the number or c:mnpositc samploles 
nquired to achieve a specified prcc:ision is smaller than tbzat 
miuired for individual samples. This cost savina opportunit)ity 
ii cspeciaily pronounced when the cost orsample analysis ii is 
hip relative to the cost or samplill&, composiling. IJl&D.d 
amlyzin~ . . 

6.1 Hoc Conulinc/Hot Spot ld~n and Rdutin/111 
~ples can be combined to ddermine whethcher 
a individual sample ccceds a specified limit as Iona u ththe 
action limit is relati'Ydy hiab ccmpan:d with the actuma1 
delecDon limit and tbe average sample CODC'«JtRtiOD. Dc)o. 
pmdina OD &be difticulty and probability of baviq ~ to 
seamplc, it may be desirable to main a split.oflhe diaaetete 
amptes l'or pom"ble analysis depe:ndm& 011 ttha analyticic:a1 
raa1ts from the composite ample. · 

1 2 4 3 

4 3 2 1 

4 ·2 1 4 

3 1 2 3 

PIQ. 1 !J1M1111e flt CW; aaq AorNa • Illa 
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3 1 4 4 

3 3 4 4 

PIQ. 2 l.unlpla of Whhln Cell Ccmpoeltlng 

6.8 Exansp/f 3-0ne hundred drums are 10 be eumined 
to detcnmnc whether the concentration of PCBs ex~ SO 
mgllcg. As.1ume the detccaoo limit is 5 :ng/lcg and mo.st 
drums have no~blc levels. Compositing samples 
from 1n drums for analysis would permit determining that 
none ofthe drum., in the C".Omposite ex~ SO mg/q as lon& 
u the coru:eatratioa or the comrosite is d mg/q. If the 

· detected ccncentration is >5 m&f.q. one or more dnuns ma) 
exceed 50 ma/ta md additional analyses or the individua 
drums aie requiied to identify any ~t drum(:s). The max· 
imum number or IIIDJ)lcs that can tbeomically be com, 
posited and still detect a hot sampl.: is the limit of coiu:crr 
divided by 1hc actual detec:tiou limit {far eumpl.e, SO m8/k{ 
+5ms/ka• 10). 

6.9 Emmp14 4-Assllme background leveb ofdioxin arr 
DOD detectable, and the analytical detection limit is 1 µI/IQ 
Cid the action level is 50 µJ/kl. The site i:s sysiemati~; 
pidded (lhc most efficient amplina design for deu:ctini 
rudomly distributed hot spots) usina an appropriate dcsii;D 
and cons to a depth of 10 c:m are coDcc:tcd. C.Omporit. 
llmplca are collected lince analytical costs for dumn ar 
bish, Ia theory, pups of up to 50 samples could b 
c:ompamed IDd it lhe resaltaat coace"Dtmion ~ < 
~ aD samplcl represented in the composite ~ b 
below 50 ~ It the contaminant concentrmon is > 
~ one at more JpOts may exist that cm:cd 50 p.a/ka i 
tbe area. ~ by the com,osite sample althaqh 11) 
prcds: location and IIR8l utc:nt would not be know 
without Furtber sampling and analyses. Composrung fewt 
ample:s would probably be more pra.ctic:al. however. 

6.9.1 The relative efficiency of c:ompositina indivi.clu 
samp1e:s tc dclect a bot spot depends on the probability of 
""bot" cma= sample bc:ina med t::> 1btm a composi 
ample. Accordm& to Gamer et al. (1), Udli: probability C 

be arim•'*' • low, say J '6, the optimum number 
llmpla to c:ampoeite is abcw teu, which would tcSU1t izl 
C0lt R.tn, of about IO '1\ (usummg there is llO detcctii 
limit problem). When the i,robability or c:ollcctin& ll sami 
lom &hotll)OC dses to 10 ~. the optimal number atsamp 
to mmpoahe is 4, wbicb rc:su1ts ID a40 ~ cost savings. By t 
1ime tbe JIIQblbi1ity or sam~ a bot spot rises to 40 
~ ii ao costbeDdit to com~ Othc:r resam;ilins a 
1atinl scbc:mes are pos'ble and may lead to somewl 
dilfertlll ce1t smna potentials. 

1. 1-lmJtadcmt ~Camposfta Sampllna 
7.1 The priacipaJ limitations or sample compositing 

vohc tbe loss ot the discrete information cmrtained i; 
11inaJe ample and the potential for dilutioll ol1bc cont& 
mais in a ample with uncoi,taminttt:d matrriaJ; llawe' 

3 
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in that c:asc, the dilution factor can be med 1o estimate 1be : 
maximum number of samples that can be composhcd. The : 
f'ollowing situations may not lend 1hemsdYu 10 cost-ef• • 
fccuve sample compositing: 

7.1.1 When the intearity or individual 11mple values 1 �
chaJo: because of compositing, for example, c:bcsnk:a1 inter· • �
action oc:c:ms between constituents in Chc samples bcina I �
combmtd or volatiles are lost dwiDi znwui �

7.1.2 When: Che composite sample cmmot be properly ' 
mhed and subsamplcd or the whole composite sample , 
cannot be anal)'2d. 

7.1.3 When the pl is to detect hotspots mid a 1arp i 

proportion of the samples m expeard to icst positive for an 1 

auribute, campositina 1Dd ~ scbcmcs may not be cost : 
dlcctm:, 

7.U When analytical COstS arc low rclldm to amplina : 
costs (for example, in situ field portable X-ny f1uorclccnce : 
takes only 30 s with no sample pzq,amion so amlytica1 . 
COlt!/Sample are very low}. and 
· 7J..5 Wba:I rqulation.upec:ify that• pab sampk must be 1 

co~(usually acomposite ample COYemll a limned area 
is still prd"crrtd from a technical standpoim). 

I. Sample Maln1 Procedures 
8.1 Prior to sample mixing, project-specific instructions 

abould be followed rcprding sample callcdicm, which may 
inclDdc removal of ~eowi sample maserials such as 
twigs. pass, roc:lcs, etc. If samples arc si:ved or 1arse mat,o. 
rials are removed, it may be necessary to t=Xd die mass of • 
materials removed for later estimation of a:,ntaminam 
concentration in the origin.al sample. According to particu
late amplillg theory (4,5) the followms sample muses are 
adequat,e to represent the com:s;,onding maximum me 
particles in the sample with a relative standaJd deviation of · 

15 "· 
~Mall.I Mwmaml'udcleSla. c:m 

5 0..1'70 
50 IJ7 

1~ o..~ 
,00 G.19 

1000 1.D 
.100CJ u 

8.1.1 Frequently it is necessr..ry to mix an individual or 
composite sample and obtam a rcprcscntative subsamplc(s) · 
for tn.mpart to the analytical laboratory. This ~ when 
mllltiple COIIWllcn of the identical material are desired (for 
c::umple, separate sample jan for metals, scmivolatile or· 
pnic:s, etc. arc desired) or when the oo,ma1 ample (or 
compqsitc sample) 1izc u areatei' than aeccpt.ed by the 
laboratory. Even when the original sample volume is accept. 
able, it may be desizable 10 thoroughly mix tbc sample prior 
to tran3p0It to an aua?ytical laboratory. However, some 
samples tlw !:ave been well mixed in the field may~
dw:ina shipment to the laboratory. 

8.1.2 A labontmy typically collects a 0.5 to 30 aspecimen 
(100 1 for some extraction tests) from tbe sample ror 
a.u.ai~ .::,~em an: uequcntly collcc:ted from the surface 
matcml in the contamer or after minimal mixmg. Such 
procedures an: i.Iwlcquate to obtain a small rcimsent.ative 
specim:n ~:?: 2 1(10 to 300 1 sample. Special mwna and 
11:UbsampliJlg p~ures are necessary to obtain a represen
tative subsample un!cs, the sample is alieady homoacnous. 

,u 

Field mixma lbowd be ccmidmd mmtial lJD)ea it i, ,· 
bowu that the ample in Che c:cnwner i, bomopneous or i1 
is known tbat the laboratory will homOF,:Dize tbe ample aod 
collect a ,epzC&enlltivc specimen To bdp rmarc 1bat an 
unbiased and precise apec:imcn ii caUcetrd, tbe analytical 
laboratory abould be provided instruc:tiom (prc(crably with 
Chc ample lhipmmt) on bomopnizina Uld oh«ainiq • 
specimen for IDllysia. Few laboratories fallow pd ample 
bomCF!!izma and spec:ima coDectio11 pncticcs. To meet 
both aamplma and analydcal objectives. tldd ud amJytical 
pmmmc:I, &Dd Chc end-mer of the data must be aware oldie · 
laboratoric:a saildard practices ror handlin1, mimsa, mi 
oblaiDiDa a aprimrn or apccify. IUcb pndic:es with tbe 
ample lbipmcnt. ... 

1.1.3 To a'YOid ablamplina it may be pollib1a to ca1lcct a 
small sample (or composite samples) direcdy isdo the sample 
COllWDer that is delivered to the laboratory (Cmdlm: small 
sample ma may rcsull in bias by cxcludina 1aqe panidc:s). 
While DO field mixini and IU'b.1amplina ii DCCd= as lollg IS 
1he labonlory ~ the ample, it may be advisable 
·to ma such amp1cs uyway (see a.1.2). 

· 8.1.4 Soil, ltdiment, tludsc and waste samples coDcc:ted �
for~ oip.nic compounds' amJysa lhould �
1IOl be mixed and subsampled usina proc:edm-cs desaibcd iD �
this auide bat othc:r' specialired procedures such as com�
biD.LDI samples diRcdy into methanol (see Pracdce D 4$47) �
may be appropzim.

8.1.5 A liptficant problem with aialyzma w:ry DIii �
samples is that the smaller the volume ofample acmaDy e:x• �
traded or analyzed, the Im ~tati¥e dw sample may �
be unless tboroqhly mixed/homOFDi:.ed Uld subsamplcd. �
Therefore, sample compositina without thcrouah mixin1 can �
nullify the poteri1ial ben.efiu of com~ �

8. l.6 Methods that may be applicable to field mixing. �
depending on the maw, include band miml& in a pan. �
sieving, particle me ftduction, lalcactil'II, etc. For tqhly �
heterogencom waste wch u mumcipal muse, field c:ommi�
'IIUtion (grindina) may be needed. Some or these methods �
may be mappropdase ff tra.ce levels of rontaminarlon are a �
primazy concern. The ase of disposable cqaipmeut fer �
mixin& sbowd be comidercd to minimize fidd dt:mrrtamina�
tion problems. Field pcnonncI should use care to ensure that �
amples do not become comminated dumi the sunpli.Da. �
mmna and subsl:mpliq process. �

8.1.7 Once a ample has been collected, it may haw to be 
split into acparatc coatainers for different analyses. A true 
split or soil, sediment, or lludac samples may be difti.cuh to 
accomplish l1Dder' field conditioa 

8.1.8 Tbe fclJowiq arc some common methods for 
mixing soils, lludges. de. While it is not atwa,s possi"blc to 
determine .that a ample is adequately mixed. fo11owiq 
standard procedures aDd oblc:lvina sample 1cXlme, calor, 
and particle distribution 1JC practi.ca1 methods. While some 
materials cannot be homogeujztd, follawina the subamplin& 
procedures in Section 9 will help ensure tba1 a iepiesentaa\le 

aubsample is coilcacd Under certain COllditions, some oC 
the proc:tdJttea that follow are applicable when trace kvd 
contaminants are orcona:m. 

8.1.8.1 .Von Ml:dntlQuarlermg--One ccmmo11 method 
ofmixina is rcfmed to as quartcrlnJ. Place the matcri&l in a 
&lass or stainless steel umple pan and divide into qaartm. 
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Mix each quarter separately, then mix all quarters into thcle 
cmta' of the pan. Repeat tms proccdme ,evcral times untiltil 
lbc sample is adequately mixed (usually a minimum oflhrcc:e 
iepetitions). It round bowls arc used for sample mixmg.g. 
~att mixing is achieved b!' ~ the matmal iD a a 
c:ircwar fashion and occasionally tmiµng the material over. ~ 

1.1.8.2 Mixing $quart-Combine Jamples tbroush a a 
DOD<Ontarninating :,crcen into an appropriate dean mmDIII 
cm¢1inc:r. Mi% in the container and pour onto a 1 mctrere 
aquare of ll01KOotaminating mmrial sud1 • plastic for:,r 
metals analyses or polytetrafluoroethylcne for orpnic:s. R.ollill 
the sample baclcward and forward on the sheet whilclc 
altcrnatdy lifting and relc:asmg opposite side corners of theie 
lhcet. Tbis is appropriate ror flowable snnuJar materials (6).:). 
Ji polytctrafluorocthylcne sb.eetina is wed, Chis proc:cdurerc 
could be acc:ei,tablc for trac:c level c:oniarnmams. 

1.1.1.3 Kneading-Place the sample in a non-coutami-1
.utm&bq and tucad IS in bread mmDI to IDd the sample. C. 
nil may be appropriate for vw:ous or day-like materials. ICU 
I DOD:-CODtaminatina bai is used. tbis appioac:b would be,e 
~ Car trace level contammants. 

1.1.1.4 Sining aNl Mixing-tr a laboratory rcqufrcs a a 
small apecimcn (1 to 30 &) or if less tbm a spccific particle le 
Ii= is requireci, disruption or~ partidcs or lieYing, .. 
or both, followed by mhina may be necdaL SimIII allows 11 

ollly those particles below a d~ m to pus throuch the ie 

~ into a IDW1ll pan for Sllbscquent mixin1 and d 
•Jbsampiiaa into containers. Sieving worla best with rela- l
u,dy dry puular matcrlals. Sievmg and the c:xclusion of>f 
larF patides can result in very biucd iaul%I and abowd d 
ODly be CODductcd when designed into a samptinc plan. 

1.1.1..5 Partide Slz~ R«IMction-Wht:D particle .me re-,. 
ductioll ia appropriate and trace coutmrinmts are or con- 1

c:crn. IIOIH:Ol1WDiDatin& materials QOmpatible with objet> ,. 
tiws should be used (for example. glass. cmmic, staiDlcs.1 a 
sled). Other materials may be acceplab]e if mce leve1s of if 
ocmmminani, arc not a concern. The n:dudioo method can m 
be • simple as 1ISUII a hammer to break apart wse pieces • 
into smaller pieces that ~ either l0CCptlbJe to the labora- .

tmy or that can pass tbniu~ a s:!~. Tlr:! cdlod or 
Rd\u:tion creates a great ucal of !inc nu,..t.'ial whicli may (.Jr 
may not be included in ~ ,ampl.! CGT'"..a~, and coulc! 
introduce bias. More co:n:,lcx rcdu~ such as bell milb. 
cetamicpla!e&rlnders,~~. ~~ ~.--::!:.~:.., '_.:.!·.:.:--=~ :;.;..:.·~ 
relatively dry samples and thorough dccc111ummatio11 to 

. avoid crms contamination. Such a process may be mcm 
appropriatdy conducted ~ a labontory. 

1.1.9 Wnh dlorough dcconi-aa:ioatim1 (see Practice 
D 5088) of the particle sizc 1cducet, s:cvc and 1hc mixi~ 
pan, these proc:edures ccaJd be ac:c:cptablc for trace level 
contaminants. 

1.1.10 0tMr Mixint £4UiptM11-Rill!e splittm, conina 
and quartaiaa, cle., involve cquipm~t and materials that 
are ctifficalt to decontaminate, and awkward to use on a 
routine basis for waste manqemeni sampliaa, Smee ~ 

· �procedures m not routinely used, the devi= are not 
ccnsidmd m tbia auJ,dr. However. proc:edu:res for coning 
IDd quarterina. and the 1lSC or riffle splittm are dcscribc:d in 
Pzactice C 702 and coi.ld be modifi~ ror subsamp)ina 
conmrrinatcd media. 
9. FleW SuampJms Procedares 

9.1 Jr mmn, procedures could ensun1 a 1rUly homogo
DOUS sample, mbumplm& would be simple. Mmna of 
vuiaus particle tizc:s may, 11ow'ever, came the particles to 
~ aa:onfin& to size, ud improper subsampting cculd 
bnroduce biu. S'mc:e hom.oFncity is frequc:n1ly not 
acbicved. appropriate· lllbsamplin& prw:dwes -should be 
med b)' field J)tll0lmd t.o provide representative slll.amples 
Tbe procedma tbU fcDow are appropriate for collec:tin& a 
1epreawtatite ample trom a lilJC%' ample. As DOted Jl"C'Yi· 
ously, mfle daca and coniq and quar=na procedwa 
can also be med for sgbsaznpliu1 u wdl a mmni (see
PJadic:e C 702). 

9.1.l ~Scoot>-Al the final step of mixing, the 
marerial ii amqed iD a pi1: aloaa the waa am of the 
rectanlJ))ar pa. A flat bottomed xoop with vertical sides is 
moved across the entire width of the short axis or the pile to 
col1cct a swath ot ample {FJ&. 3). M\lltiple evenly-spaced 

I' 

PICL I llnh •11•....,•u..dlDColNl..... llr•ts fr 
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IWUhs azc collec:tcd until the subsamp1c container is full. 
Maltiple ccmtaincn are mlcc! by rearrmgin1 the rern1inin1 
material and collcctini swaths a., just described. 

9.1.2 Altanat~ Scoop-The volume of material 1'qUircd 
fer fiI1ms sami;le contabm is compared to the wlume of 
the mixed sample. Scoop., of mi7.cd material ~ p1aad in 
the sample containc:r(s) or are di9cardcd, that is, three scoopa 
are discarded for every INOP saved when coDcctiJ2a a 25 " 
subsample (Fig. 4). Care should be taken that each scoop of 
material is of the same size and is CDlle=d in a c:omistcnt 
manner to nrlnimm: bi:lS (5). 

9.1.3 Slab-cala-T~ cohesive or clay-like materials as 

NI tOl1 

discussed m 8.U.3 OD laleadiq. The sample can be 
flattened, c:ut into cubes (F'11, j) and the cubes rmdomJy or 
sysicmatically combiDcd into suba.mplc(s) (5). The 
subsample ahowd be ~headed before ampment to the 
Jaboratory unless it can be ensured that the laboratory will 
homoaenize the 11.11-mplc bcf'01e c:oDecti.ng a specimen 

10.Xcy,nds 

10.1 composite; compositina; hot spot; putjcle m rcdwl
tioa; sample; samP1mi; subsample; subsampliq 
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7or Review a.Dd Approval Project No Gi§900S-08 

Interna.1 Oi!!lttibu•ion 
· Na.me Date AS Wi!!lbith 

Orl. inator AS Wi!!lbit=. OB/24/99 KB Ri999 
Ap-provec. 

Sent V.ia: 1•• Class Ma.il 
OB/24/99 J Ferg 

RMO 
Project Files 

August 25, 1999 

Mr. C.E. Riley 
U.S. Environmental Protection Agency 
Emission Measurement Center 

, �MD-19 
Research Triangle Park, North Carolina 27711 

Dear Gene: 

Contract !So. 68-D-99-009 
Work Assignment WA 1-05 

As per your request, we are submitting the attached post test summary report for the above work 
assignment. This report meets the requirements of Section 7.3 of the Site-Specific Test Plan for 
this task. Also attached arc the field logs for the same test. 

If you have any questions regarding this report, please call me at (614) 424-5481 to discuss. 

Sincerely, 

/4~~/d/4~ �
Anthony S. Wisbith 
WA 1-05 Work Assignment Leader 
Battelle 

ASW:llg 

cc: Ms. Kathy Weant (letter only) 
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POST-TEST SUMMARY REPORT 

Sewage Sludge Incinerator Test Program �
Work Assignment WA 1-05 �

EPA Contract No. 68-0-99-009 �

August25,1999 

A Site-Specific Test Plan (SSTP) was prepared for the test program performed on the 
sewage sludge incinerator located at the Metropolitan Sewer District in Cincinnati, Ohio. 
The field test was conducted on July 18-23, 1999. Deviations from the SSTP were 
expected to occur, due to unforeseen problems With the test location or with the actual 
sampling. A section of the SSTP (Section 7.3) discussed the submittal of a test 

. deviation letter report to detail all deviations from the SSTP. There were a total of five 
(5) deviations from the SSTP. The following details the five deviations from the SSTP 
which occurred during the field test. 

The first deviation from the SSTP occurred on July 19, 1999 at 1100. This deviation 
involved the audit gases from the facility total hydrocarbon analyzer. Section 6;2,2 of 
the SSTP stated that a cylinder gas audit (CGA) would be performed on the 
hydrocarbon analyzer prior to and following the test program, in accordance with the 
procedures of 40 CFR 60, Appendix F, Section 5.1.2. The procedure requires the total 
hydrocarbon analyzer to be challenged with two audit gases of known concentrations, 
a high calibration gas of 150 to 180 ppm and a low calibration gas of 60 to 90 ppm 
would be used to challenge the analyzer. 

The deviation from the SSTP involved the high calibration gas. Due to availability, a 
higti gas of 124.6 ppm was used to challenge the total hydrocarbon analyzer, which 
does not fall 1,'/ithin the stated range. This deviation was approved by the EPA WAM, 
C.E. (Gene) Riley of USEPA's Office of Air Quality Planning and Standards {OAQPS} �
since �
the total hydrocarbon analyzer used the low end of their electronic span, making the �
lower gas acceptable. · �

The second deviation from the SSTP occurred on July 19, 1999 at 1530. This deviation 
involved the span of the carbon monoxide (CO) continuous analyzer. Section 5.1.1.6 of 
the SSTP states that the range of the CO analyzer would be 0-3000 ppmc1v, 

Mika Hei~ of the Cincinnati MSD stated that spikes of CO to over 10,000 ppm are �
possible during normal operation. ETS had calibration gases onsite which could raise �
lne 111.s,1u111~11Lc=, ::.µan to 6000 ppm. A calibratiun gas of 9556 piJm was .5hippeJ �
overnight from the ETS office in Roanoke, Virginia to the Cincinnati MSD to allow for �
li'1P.arit" dl:lterrninations of up to 10,000 ppm, if the 6000 span was exceeded during �
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testing. The CO analyzer was calibrated to a span of 6000 ppm for all subsequent 
sampling, and the 6000 span was never exceeded. · 

The third deviation from the SSTP occurred on July 20, 1999 at 0830. The deviation 
i:-:vclv€d the i:roof blanl~ing pro:edures. Prelimi:-:ary flowrate provide:..:! : i' !:·.: "'.'.:.::'.:~; 
indicated that the sampling· train should be equipped with a nozzle with a internal 
diameter of 0.218 inches. Proof Blank #1 was performed on the· glassware to be L!se::l 
in the sampling, including this nozzle. On the morning of the initial day of samplinG, 
preliminary flowrate measurements indicated that the nozzle diameter needed to be 
0.250 inches to maintain lsokinetics and achieve the desired sampling volumes during 
the preset 360 sampling duration. Since all nozzles were cleaned identically and 
concurrently, and since the nozzles were similar in size, the WAM accepted the Proo; 
Blank #1 samples were submitted with the incorrect nozzle. 

The fourth deviation from the SSTP occurred on July 20, 1999 at 0830. The deviation 
involved the possible detection of gas stratification in the exhaust stack. Section 
5.1.1.1 of the SSTP stated that sampling for carbon monoxide, oxygen, and carbon 
dioxide would be conducted at a single point in the centroidal area of the duct. A gas 
stratification determination was performed on July 19, 1999. The single CEM ~ystem 
determination indicated that gas stratification was possible in the exhaust stack. The 
stratification was not proven since the single CEM system does not allow for 

comparisons to a stationary CEM system which would correct for process instability. 
Since the gas stratification determination proved to be inconclusive, a decision was 
made to traverse the CEM sampling probe using the same traverse points as the 
modified method 5 sampling train incorporated as detailed in Section 5.1.1.1 of the 
SSTP. 

The fifth and final deviation from the SSTP occurred on July 20, 1999 at 1230. This 
deviation involved the failure to meet leak checking criteria as stated in the SSTP. 
Section 5.1.1.5 of the SSTP stated that leak checks will be performed prior to initiating 
sampling, during each port change, and at the conclusion of each test run. The leak 
checks would be considered acceptable if a leak rate of less than 0.02 ft'/min is 
observed at the highest vacuum recorded during the sampling run. If the leak check is 
not acceptable, the WAM will be notified, and a decision whether to keep the sampling 
run, continue the run, or repeat the run will be made. 

At the _port change of the first sampling run, the leak check was not deemed to be 
acceptable. The WAM was notified, and after discussion, it was determined that the 
sampling run should be invalidated. Sampling was discontinued, the sampling train was 
recovered using the stated procedures In the SSTP, and a total of four sampling runs 
were performed, so that three valid sampling runs were available for laboratory 
analyses. 

The discussion above details all deviations from the SSTP submitted for review prior to 
the test program. All other methodology and QA/QC procedures were performed as 
detailed in the SSTP. 

p.4 



\ n11'tfslon f 03117/9-t 

\. ETS, Inc. �
\ FIELD LOG � . � . 

' 
Client:'t:.?t) /~,, ;ue / G..c'"'",. MSD Clfenl Contact: ~'R~t k G~ 
ETS Contraht No.: 1TI-4B7-~ AcknowJedgemenl: 7 

= 
Date \ Task � Start End Hours On Reason �

Time Time Scope? �
,,......,._.,_,/,e~ M.-r-~~ � IO\CX> l\ l t"\t"'i • , .c, y. ; .l 

1= -
. �
-z ,~ t'O r,,..c, .. : . .. \\ ,_nr,. ,...... ,"I.I"'\ q.~ � V 

(P....~ .... ~.I&. __l'\-. ~ IZ:ct'\. 

1/,,._ -~•• c.- - . - \ 
J". 

7 / /OJ l-r'\ 7-\lta\...... ~ C-. 0..,.,-:SO ~l~ \ .o ..., �
r.......... -- /<-..... Mo..... �

t.JftJ}a,b}R:c ~ <"-- - - OflJ!O � /0400 
: 

I-~ ''1 
.A,i\1-t To.lit.~•~~ ~B ' 

bec.lW- ~ ~A- 'I() 1'1t&.Q: rc:>,oo � 11100 , .. o N 

°'~~~Q 

WTV/ca:r> Inc. -· ......... ~ ll~l'"Y'"> � li.r'lD '3.t_; � ·" .._.... ~ b:~.... G:..1. ... �
. ' /Jhht-Jl:,r,.\ 

, 

I .t.no..A"""' ·- •-,. 



lavlalon 1 

~llenl: t=°'PA /~kee- / C-,,..wtrr, M~ 
~TS Contract7No.:_ -~-4m-tuz. 

Date Task 
I �

Start 
Time 

,//qJi9 Paet'. •-IN~" A.c,.,J;.,,o~ 14•'30 
I � I• - - - . "J1 "'w!:,. C tla"YCAHO 

:> .. ,,.._~ r~ /',._.. ~/r:rr L.-n~ \'i"l~ 
n.e,,A __ - ·• � .. J- ,........ \ , �

~-,...,,,... , ___ "'.,.._ ~ 11:-30 
, 

'1' 
u, 

,.,., ·-· --- I ... ,.._ 4Ae-. • Nnnl:I ,.,....... 
I..., -- .,,~, ,.,.....w, ........ ,,.. �

~/C-Jt,..., , .... ' .,e, ~-- 
I 

7 /u.l'fl APAlvA. o.,.. ,,,._, ~ 	07.IC>O 

~f\u,., 

. . 
M-='0- N\N\-,-~, o,,"!o 

f?t1lJlr.'t> J..E,.\K, ~eo<:, ~/ IZ\~o, 

~¥6~~, PPIU'~ fut.. 

M«:> - """"">- n.1,. 

~TS~ Inc. 
FIELD LOG �

End Hours 
Time 
,s,10 I.O 

1,\nn I •"S 

~t,.._ '?.~ 

I 

0,,30 Z,.~ 

. 

1'2'"'!le> "'!.c, 

l~·.C>~ 2-'S 

Cllenl Contact: 
Acknowledgement: 

On �
Sco!le? �..,, 

v 

" 

'I 

r,a FAIU:1:) 

.... -~ 

.. Fk/cl3D 

03117/o-t 

G,&J£='R.~'1 /fi.tlvr,,,rq
7 

· . 

Reason 

.. . 

~C'IA_c:.""T ~ 'lorP 

,, 

-1-1-f.auit.. ~t '{t:"..J.I 

-
-· �



Client: fr,1 hv.. '!eof; Gaffcctn ,4-,SJ;:::, 
ETS ContraclNo. ~. 2-J-4e,7- vvz: 

Date Task 

-7~ M'SO- Nlh'l'5 -J.?..Z. 
I 

-, lr..c:. hcJ Le,\~ Cf-l.EC.IC 1 '5E'a:)~ ~Pre,.Jf"" 

Fl=C. ,\NS:,. c~b L~-:srre 

AT z.z..~co 

...,i,,ohc,. ~-=o-.rl!:« M"SJ>~,....,...~-tt. 2. 
....., 

/.\At~ /c,,-'ru t€~v-~ 2.3,~ 

,/2•~ °5eT..i,p,, ,II ~t:> JU;c.c.~ 

Afi!l.l> Plcx:,p 8LANI< #Z. 
~ 0~1MUi- ~IC. 

J\'\-::)C>-\"'°""'S -~3, fR:.. J"\Nt:> 

~D A-{lll\E. ~ c,e,~,sO 

Fl6<.0 Bl.A-NI\£. .Jl:I /ld,:/0 ~'IZ"f 

1/-z.• 1,~ 1<:~P~ ~ A.Nb <.e\~C~ 

~'St:>-f"'\•""'t:;-t:a.)Y/2-' h·> 

Start �
Time �

l;"l<!>O 

z.1:"50 

2'Z:CO 

c,7lec> 

.. 
It>I 'f 

0,IC,O 

.ff!> I )5' 

ETS, Inc. �
FIELD LOG �

End Hours 
Time c;..,2r.'!c> 

'Z'z:160 C>•"S"' 

Z.'3\"30 l•-S. 

6'' ~CC> . "2-C:, 

: 

. 

.l''lJ 0 '-1.>5 
/.-z..~10 '''S 

,c.:J5 <o.z5 

,,.-··

b11\71M 

Client Contact: GE!NI!. 'i<.u0 t /T-~lvt!IO,rn
Acknowledgement:____' _____ 

On Reason 
Scc,oe? 

y 

"'I 

y· 

y 

. 

. 
·. 

y 
. 

-( 

. 
. . �

'/ �

http:Cf-l.EC.IC


:ellfslon 1 

( 

~llent: f=PA 

\ 

'· 

/B4:n,t.Ui. /c,,.,e:,,.,~, ,Mm 
:TS Contract No.: c,2: ltt!J7-'-Z-

Date Task 

-,J-z., lvi L~ C.Ha:te. '5"Et:'Ut.li.. EG>,.,11"/HIIIMT, 
1 7 

AC /cf!Sb Le.was dil l7L I '5 

~YER Mir1>-~"""°'~-R'5 

aea.....~~ .vrlj,:p lJilttEOl"lllS 

,Jzz.Jc:,9 AIMM: °"' 'Sr,£ I PIZGIEST' ~ 
DD . ,::~ .,..,_~ "S4/10 ~ Au~. 

(07Uo- 07140) 

M~-oM.M.-S-Rl.f 

~~, 13,£GrN C,5~ 

f\A-Sb "f"J1'C. l't"l(»,Uftlf._. 65,,4 {It~~., J 

~ &,>1 ft>)T"-ffl:Sr ~r'!0 f:,.,o ' 
'• 

(F?t:. / c:no Loi:A-.A. ~ IS~-so) 

t:>,s"".-.""'na., SA.~~ ~A. ,f 

(r-r-,,e.h.f3o I.P...4~ e 1€,!'3,o) 

7/z.~ ,~..., '1"itAN~i:,I,. 'S"l"\P~ /'tEftJI.~-.::, ~ 

Start �
Time �

/G,J !>">' 

r7•1,; 

~!'too 

c::e,15 

11 ll'S' 

\Coll~ 

0'1•~~ 

~TS, Inc. �
FIELD LOG �

End Hours 
Time 
n~,s • 0•7'$ 

l"J ~ IS° "Z. .o 

o(!l:,s ,. 7:r 

1<ws~ ~.z. 'S 

IG,.t I'S _ I, "15 
. 

\')\OC> '2.•.,S 

. 
1(,100 e-s 

. 03117/M 

Cllent Contact: Ceus R,u:., h-,,..../&..ho-rnr~·
Acknowledgement: · 

On Reason 
Scope? 

...., �
' ' . �

"'( 

y 

'( 

--I 

y• . 
-

y 
=

http:5"Et:'Ut.li
http:B4:n,t.Ui


TEST LOG 
~ . 

.. 
Metropolitan Sewer District 

Sewage Sludge Incinerator 

Cincinnati, Ohio 

Test Start End
Activity Test Parameter(s) DateLocation Time. Time 

.. �
MSD Pre-Test Cyfinder � Total Hydrocarbons 1100 1130

CEMS Gas Audit ' 

Cyclonic Flow Outlet 
Check/Preliminary Flowrate 1430 1530 

Stack Inlet 
Flowrate 

... . �
Outlet ETS RM Response � CO/CO.JO~ 143b 1545
Stack Time �

7/19/99 �
Outlet 

Stratification Check CO/CO.j02 1540 1630
Stack 

Sample · CoplanarPCBs 
Recovery Reagent Blanks Oioxins/Furans 1530 1700 

Laboratory PAHs 

Sample CoplanarPCBs 
Recovery Proof Blank #1 Dioxins/F urans 1700 2000 

Laboratory PAHs 
-

CoplanarPCBs
Stack 

MSD-MM5-R1 Dioxins/Furans 0930 1230 
Outlet PAHs ·- Stack 

MSD-CEMS-R1 CO/CO.j02 0930 1230 
Outlet I-

7f2.0/99CoplanarPCBsI Stack 
MSD-MM5-R2 Dioxins/Furans · 1500 2130 

Outlet PAHs 

Stack 1500 2130MSD-CEMS-R2 CO/CO.j02Outlet 
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Test �
Location �

Sample 
·Recovery 
Laboratory 

Stack 
--Outlet 

- .Stack 
Outlet 

Stack 
Outlet �

ETS �
Mobile �

Laboratory �

Stack �
Outlet �

Stack 
Outlet 

MSC �
CEMS �
Stack 
Outlet 

Cate 

7/21/99 

7122/99 

. 

Start 
Time 

0700: 

1015 

1015 

1015 

0710 

0815 

0815 

1430 

1500 

I 

-
I 

End 
Time 

0900 

1635 

1635 

1430 

0740 

1435 

1435 

1515 

1610 

Activity 

Proof Blank #2 

MSO-MM5-R3 

I 

MSD-CEMS-R3 �

Field Blank #1 �

Reference Method �
CEMS Gas Audit �

MSD-MM5-R4 . �

MS0-CEMS-R4 �

Pest-Test Cylinder �
Gas Audit �

Post-Test Meter �
Box Audit �

TEST LOG 

·~ * 
Metropolitan Sewer District 

.. 
Sewage Sludge Incinerator 

Cincinnati, Ohio 

· Test ~arameter(s) 

CoplanarPCBs 
Dioxins/Furans 

PAHs 

CoplanarPCBs �
Oioxins/Furans �

PAHs �

CO/C0/02 _ �

CoplanarPCBs �
Dioxins/Furans �

PAHs �

CO/C0/02 �

CoplanarPCBs �
Dioxins/Fu rans �

PAHs 

CO/COJO~ 

Total Hydrocarbons 

Critical Orifice 
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Por Review aid Approval Project So G00363S-03 (3l90l 

-----.,.---------....--,-..,..-:~,--~---, I;.t,rni\l Pistdhution 
Name T 'lfillklith 

Ori i:lator K Le11niAlc K Le11niaJc: 
c===ce T Wiabitb. trojec:: tiles 
Concurrence IMO 
Approved KB Riggs 

Sent VJ.a: 7edBx, Puc 

August 11, 1999 

Mr. C. E. Riley 
Office of Air Quality Planning an.d 

Standards (OAQPS) 
U.S. Environmental Protection Agency 
Emissions Measurement Center 
Mail Drop 19 
Research Triangle Park, NC 27711 

Contract No. 68-D-99-009 
Work Assignment WA 1-05 

Dear~- Riley: 

Enclosed please find five Quality Assurance Project Plan (QAPP) Amendment Records for your approval and 
signature. Copies of these forms were faxed to you on the above date. Please return these forms after they have 
been approved so that I may include them in the final report. Also included arc completed copies of the QAPP 
Amendment Records from the field for your records. 

If you have any questions regarding these forms, please call me at (614) 424-5481 to discuss. Thank you for your 
continued assistance. 

Sincerely, 

~~~~--
Anthony S. Wisbith 
WA 1-05 Work Assignment Leader 
Battclle 

ASW:kl 
Enc. 

P-12 



l~.5,7 
Qaality Assuraa~ Project Plan . / 
Project No.:{~«': .t:4:tJ;,.-T~ 
Section No.:,B.2, k · 
Revision No.:-t,./,._Qi.:...-
Date: 2- l 9- ff 
Pqe No.: I '9 :t ~.:l 

QAPP Change No. / 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

7 .. 1t, ~ Jt, 9 f 

Chitng• Initiator/Nam• & Tide: [:tJE~ 
Agency/Company: Y5£@ ~ 
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\55..L/ 
Qul'IIHv .~.2,1r.:::.:t- Pr~J~ r:.!n 

Projc~tNo.~~-Si~-·~~ 
Section No.:13.;1, L_. ::3 
R..vi•inr M11 • I~----Dau: 7-;9-9f 
Page No.: 1'/ =t Z ~+~ 

QAPP Change Nu. Z,... 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

QAPP Title/Date: ~~~~r.:S~~~~...::::tt.:.:::!!;~~~~~---
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Quality Assunnce ~ec:t Plan 
Project No.: ~ .S:t';; 
Section No.:....."R.~~.:;,i:.c.~6i.---
Rerisioa No.:-..&_.__b...,,....__ 
Date: z-.a P- u 
Pap No.: lfi.,IJ l) 

QAPP Chance No. .3 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

CbOnge Initiator/Name &Tlde:{/fj:'h>.. ~/~ 
Agency/Company: '2/ 5 · 

Contr. Project 

EPA WAM ~~~~~µJ..Jkl.'.:::s.;,..-------Date ":%-~--,.?Q..--
EPA Q 
Initi:itor 
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Qual_ity Assur.in~e Pr~ect Plan 
rm,"!,...,,,.:_".)_~'~-"'--
Section No.:__,JS_'<....,,......_J__ 
Re,•ision No.: __/,....,,D,,___ 
o.,r., 7-,o. ;;:, 
Pa1eNo.:· /'3. )--:p!>-

7 G/

QAPP Change No.~ 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 
I 

Changelnitiator/Name&Title: Ct vd~ 52 ~e. ::::::::=t 
E ~ kP /, ~ Jn. ...-.,~

Agency/Company: 11 S ~rtA 

(attach addition~! pages if needed) 

-~) ~-- "-~(~ 
~ I/ tJ,,, ft: 

' 1~ - Lf.il '/rl?is 



j 

<luality A~~ur:ince Project Plan 
Project No.: :{$ Z: 
Section No.: P.,S::- 2..-; 
Revision No.:_,...J_,1 ___ 

Date: 7-,.21- ff 
Pa,e No.:__.,4(...,_r,____ 

QAPP Change No. S
QUALITY ASSURANCE PROJECT P~ AMENDMENT RECORD 

QAPP Title/Date: ~ .S µ. _I-. , ~ . 

~~ 


Agency/Company: 

(:ut:ich ~1c.klitional p.igcs ifneeded) 
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/,!uality A~rnrancc Pr~ct Pbn 
Project No.: $_~~~·__ 
Section No.: B 2 (2 
Revision N.J.: /, ;; 
Date: '".?-/9-?9
Page ,,u.;_,4_4c._____ 

QAPP Change No..J&_ 
QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

QAPP Title/Date: .)'. 

Change Initiator/Name &Title*J,. !il;.;;_fi,1~ ,,........,.., 
Agency/Company: '2f , EL __ . 

5:·~c·t~3-4r"=' fa= 3D1·¢j
. 

needed)~ 

~ 
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ETS No, q,::;_487- ""'Z.... 
~--~~ -4--c::e. L.,..c:,>C-, 

!/)fo'fP~' 
~ -4=7 

ll~C:O ~~er~-~ 

·'°"'-~T"T~~s 

.·- -·· .. . .. ··-···---·---··· -·----· ..~r-i..s - cr.:E: .,~. ~C>. ClfC, ~ - ~~~. 
J,. fluJ2 r . 

____L~~~as.. -4~ ,4Q:,ep;)"\o&Le' . _ .• -·· ···--··--·----

··----·-·--····- .. -·. . ··-· ·-···· ...... ····- ..-·-·--·-·-· 
-~~~---~~. ____________ ____ , ·-······-·----· ~,;._·,.JJ£..~--"'l~~A-.., , 

___.,_.no, 

-·-···------~~-'- (;l!tJO 1=lA-) ~~-~--~~---~,.~ ~fTZ. · ··-·. 

~.. ~ J::sa____ ;;l_P.il___C:F-••~~.EI~~~---· ~~,~~-~·-~- - 'Jb ..&~rr
~~--1,~_J_ 2. iJ_.A~-~~-~--- -~-~r:.-~co:>.rr-~--=--·- -· 
~~---.f lJ ) 'l 2i HA~::1SU&:>--/fP"·--~'l";leO.._tl:J_ -tf;J,__ '4#.~-:1./.z.o.~ .. 

····-···--·-····.-·· ·---··----~--.::z/~----~·~~ .-re:. . ~~..,.~-~~--

. ····--··-· ... ________:__··--·--~~---~-~ v,,~. Av..ei,'-"~~. ~ --·-·-- -···-· 

- -· .. ·-···------------1...J~P..i:r:t----+F:... -~f'f,., .=s,..,.,.,. 6 ~-!='e~ .. - . 

.. ·------··-··---·- /<l~C> --~QC.AGE!:::, .. , 

L C.f ~ 71 l o;pr
/ ; 

/ .,, 

http:iJ_.A~-~~-~----~-~r:.-~co:>.rr


•... 

Qu11lit:V A~~urance rroject Plan 
Prr,ject N:·.: _. ~.Z-_____ 
Section No.: lb ;~_ C 

Re\'iston No.: / .µ 
Oite: . 7-1 ,P_ ~~ 

P:age No.:_-=~=-----

QAPP Ch:nge 1'o. ? 
QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

---------------------------·--------
(att:ich atlJitio~::: jinges if r.eed~.:1 
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-----------------------------

- __ ...-,u--~- ....... -

Quality Assurance Project Pla,;-i 
Project No.: .S !> 4Z 
SectionNo.: ~nd,L D-2.-~ 
Revision No: O ,() 
Date: ...,~V-""te' :' - /t-1'/ {:( i 
Page No.: __1,j_ j ' - C e-6\ 

p,QAPP Change No/ 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

QAPP Title/Date: ~WCJl:h: s~ "I::nti.n.,LLMQS, 0\,1..W&,QO~k"" S,w,;,c 
C¼tc 4'e .,_ un'40 no.J.t , 0~ 

Change Initiator/Name & Title: ~rb') Lµ.'½AJ_, XB:tsduh ~JLli ...~ 
• j 

Agency/Company: 'fu."-!Rla :::n:v, mctk.i. ~r,dl..

Description {Statement, Reason, and Amendment): 

Qrrf f P~e, ,J;i.L ~ U)Cc,,VJC"µ, ; © Jb,J.,, ~AA, 5f' 1\u, haj_s , '() ~ 
63"'7~,,.,b0w \cu.o dmi~"ei ; © Ju pie~ ~c:tii:,., O<'Jiur. (.1.,. 

C,'(,~ '' <tiNiH» \Act:\:, f,c..."'\WJ.J.. \lJ A:t.'' or..'' o ~cyt.,,1- -'o li"~A \AA\'l\. ") ~~-Ja.u.V"l 

/ d >:)• M &-vn:- YN!:m::J, ;a.rd. ® ,;·oui,rt'c,,l\(1'('1 Q1 ..be,,, :In CW-~ 
lJ,.,_g_. pt,W)ck UCRl)I(.~ de fu CIOCC.,!a-~ *-nJ,c..ir.o. W<&::> eu:l,.d.µL_~ 

· ~P~ 12.7..76"9 e IJJ; Ae,1en J/1 ])-J--L, -·---· 

--------------------------··-----··-· �
------------------------·-··--·------· �

-------------------------·-·-
(attach additional pages if needed) 

Signatures: 

Contr. Project Lead Engr. ~~~;.__~.:;,.;.-.--=-....:::..; 7-)...Y-- 'i' L_ 
Contr. Project QA Lead ~~~~~~1:1.4'4.L::Y.::.+ Date 7-:lCz -:.1..'L_. 
EPA W AM-.-~"-"'---1re........;W10,,6!!:t~---~ Date ·'3 - / 1,, 9L____ 

Date ________EPA QAO _____~.,i.-;.~--,1,~-...,,,,_ 

Date 77/:,(,/~lni-(ifother than w~,,. )52..;4 
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__..._________ ·--- . 
.. - ·-- ·-·--·· -----. -

Quality Assunmce Project Plan 
Proj~No.: 5:wa~ ,5/w:J.t;e ;;T,r ~ 
Section No.: -~.......,::~:s:;L'-~
R.evisionNo: ~-: 
Daie: --,""'-....iu,'""'::5-,- O "fu1 
Page No.: __,;$;...i'--

QAPP Change No.: 0, 

QUALITY ASSURANCE PROJECT PLAN AMEND:MENT RECORD 

QAPP Title/Date: .Se,~ ((Vf¼' ¼1':1,)\efA.h,,, f..umro ~ .k.~ �
Qa l:ntcJ w't? c+'wl c.,#t' ; Oh ,t) �

Change Initiator/Name & Trtle: ~~A ~;,. Hir 

Agency/Company: -1~,;.t,IIIQ~;;::::w::;.--------------

$ l'(fb'jt>'L-p2.-D/ 

,$ p,fl)8Dl,. -DJ-I)/ 

(Q~M641, ect& 8-J6-9t 
~/~in (attach additional pages ifneeded) 

Siguatum; 

. Contr. Project Lead Engr ..~:;...a.L--~~...;..:..~~ 
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Quality Assurance Project Plan �
Proj~ct No.: ~~$&4 .0Jt.,c_�
Secti~ No,: _ __LI ,,,.. ,.JO 

R.cvi.11on No: . ~LA. ,c 

Date: 7.:~?t:~q.T j-J5-t1 
Page No.: __.3'-"L.____ 

Jfi?, ,,.. 
QAPP Change N.J.: - ' H,-&. III t~ 

QUALITY ASSURANCE PROJECT PLAN AMENDMENT RECORD 

QAPPTitle/Date: ~'-'>O..jC. $lud~t. :t"'nCA·..,ug..hz, Metrapol,t:9,...tQ 
$e,\.l.)(K'" O..·r.\-htJ. Civ, CA\,,\'\ g.,.f,,' 1 D4.io 

Change Initiator/Name &Title: ....!."1o!~~~,.....JSu.ic..c..h.l.!.CPC~lL=---------
P,.,'n, "'flp.J, 2'.se«-dh ~ 1,,rl: 

Agency/Company: ~Ba....:11t~Lu.lJ1-9--------------

c;lt6'~ Description <Statement, Reason, and Amendment): 

c.t;.11~1/. I/ f.· 31 Ml.I:½¢ 11.CJo Pcop ~ R:l)= ks H:10" 'Rwluhrn (:rO,.& ~~St 
~~Cl ¥:i¥' 8~ Mo.,s <:p,,J:n;m~

11 •~-
9t Tht.dtsc.apitxA., ,)A :#v :li'ts.r p,r4f c,s,ph d #4,'s suJ:ri,, 

t:~:S!:1?£27!~ �
"f'b4J: !ripM¢ ~M\f/1£1 t lur'lt W &&b:4Jeldfir fCI£ 4d-4 fcPOj/JCJJF= 

{ - (~II.JU wl 
w ~GOIV ~ I.I.£ (I-

SiiJJatm::s?: 
Contr. Project Lead En~~~:::.:;.:;;:~~~.i:!!!!:::liOdl 

Contr. Project QA Lead .......~:.;:::;;:.::.......:=~(¥,,4.

EPA WAM-.-.\~~W~&..c..a~---�
EPAQ �
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Site Specific Test Plan 
Project No.: 5 ~ ~ . 
Section No.: $ee.:ST£}J:; )!,Ff 
Revision No: 0, 0 
Date: -;;- « - ::s ,, 7-/t ~6/f 
Page No.: ~ / - '1'_ ·,_ .$~ Ttf' 

SSTP Change No.: I 

SITE SPECIFIC TEST PLAN AMENDMENT RECORD 

S5TP �
~Title/Date: 5etv4? c f'(f<q -e bc111C7'"a.7'ct/' �

~ • I 

-~M~e..:..:...r-..;..'>'~o/J~e,=-fr..:..f--=.Rc..,,:2/L..~___:5::;..'.:ii::¢:.::.a~:;..:,e~r__.A..:..r!:..J.SL..:l.-!.J-:.....:;l~C::.::...;r~--..!0L..:~::.L..1U.1/ / ~ 17' 
c.t'Jru,JJ~r/ - . �

Change Initiator/Name & Title: -~M~A:~r~/c1.--....,t11i'""'1'-',L'1'-'7.~4-~--------�
~t,J. "1"<., b �

Agency/Company: _____.,.i"'"a__..,.............. ....�t/:e...,lt.a..~::e..________________ 

Description (Statement, Reason, and Amendment): 

E bit' c .G,ed ~ Et;t<; e ~--a (!~., ~ 1- c,_1 Floc.J C./,"',.f· & ,.. �
l;'t'f:r,t?.l">,2v c!J-f P~,z,,f li«lfof: ~4?!:$~/4 UP1~· RsrrL �

Qt- 56' t1
1

.4 /.,.. Teat,; lud' -e i; ce7' C Mz,y .,,/ 4 r I" '6 C£~/. �
L'o/( ~ Cha V r: It:::~!! L>t Ct!J ';,11?,,.e,r-./ 'to &~I: "~- exfr,;,,;.~".; �
£O>?ic'iT,t11Y' kzl'I:? Tf.-f' J~ep$,•~ !Vf~/y z'rc, / ?,,;.eZ-'itz/�

' 7 I . 
,t.,..,... fe (I~ lolYcq/4rr,,~re/ 41ne-"1'// t;-,;;,.65/e;,-l,' ~ 

Simatures; 
Contr. Project Lead Engr. ,_6A9'</""~ Date 7/~/'f' 7 

-Gentr. Project QA Lead"'--=--------- Date 

EPA WAM ~L ,e, (1JL; Date (j_ I- a,t. zq 
~A~A:O______~------ Date 

Initiator (ifother than WAM)~/,~ Date ¥' ;,:-> -rr 
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r-- Sample1S•mph ic,ntalner r--;amplo 
Conlalner lConralnl'1' 

Front Hair RinseI Front I alf Rl1111 I 
Toluene 

LAceaor e / M~Cl1 PIiier 
--,.-----

Conce, lralo K-1> �
IO I 2 m/L �

niter and So•hlel 1ppar1tu1 

Soxhlel e.rracr wlrh 
McCIJ for 16 houn 

Split lnlo t!ir•• �
rracclona ror �

PCB/ PAH /DP �

~ 
I'.> Di.Ida eatracl lnlo 
'-I 

Add loluene rln111 lo filler 1oxhleLt------------( 
Re-exlracl filler a1ln1 toluene two fr1cllon1 

2.1 % for 
DI F a11aly1f1 

25 % for 
D / F 1naly1l1 I ..,, Combine ••lncl1 

PCB clean up �
50% �

DIP clean •P 7S % ArchlYCd 

An1ly1l1 by An1l:,1l1 by A111ly1l1b1 �
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Figure 5-8. Flow Chart for Extraction of Front Ralf ofSample Train 
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S01hle1. lle•exlract •11111 
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CX) � ror l'CB, l'AII, and D / F 
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2S % D / P and 7S % Hchlved 

2S % for 
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so% 25% 
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Figure 5-9. Flow Chnrt for E1troctlon or Rack Half of Sample Train 
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Conective Action Report 
Project No.: GLJ (Rs· D0:5"" 
Date: C\ 1 A].~o=* .;is, 1"i"°fl 
Page_,_of 

. ' 

CORRECTIVE ACTION REPORT 
(CAR) 

Description of problem: j~ £, /} ee.erw OIJ oc< tel.. Ci!ln tn b -1':2 (JC, fJ ,Aro R1t49, 
.s>".b.X. o. e?;5 tQ.02. rnni'!'Oj o. ;)S11m -.(i,lt::n HT-~ ~ 11 uaL. 
, 14_ QI .Q.o; r&ci y(' ,J 1 I r::n n .J.4,µ ,L f 0,,& IQ 1 • ~wt'"l"<l5::'3.9 f•ij I~5/'t'j 
.,_; 19(' ,.Oi f:!nGy':)-0, '>¥1 .£:h..t , Y)'I. +:>). 

-----------------------·---··------· 

Date: 8fl~ti 
Date: g-;;t-97 
Date: g · :i.? - '9 '-1 
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Corrective Action Report 
Project No.: 6:llll'\I, .-!. -~ '11:1 

Date: 'tr-JI - ,, ~ 
Page _J_ of_l_ 

CORRECTIVE ACTION REPORT 
(CAR) 

Dcs.."'Tiptionofproblem: [,',..µ-~";.;-v F,c--J (!),i.,-~ h- f.~~ ('-lro' trrrl.. 
&~ 1-e,.- sP<c ~ :<. .JcJ }- ,,.,... p..,../ f ~y "C- I oF- ~ I<:. O 

Action Taken: /.6//p~/ {.'~ 

Signatures: 
Date: ~~ ~ J ,..'1 \Analy~~ 

-1.,bo,,"°'Y M~,,~/Coo,dU>,toc, Xa I~ .L.. ~ Date: f-f-&:j1 
BanelleQA/QCOfficer: ~ :6 '.aA..-;, ~) Date 9-/-?T 

B.inelle Work Assigrunent Leader:/4~ L~ Date. ?-7~ 97 
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--------------------------

Corrective Action Report �
ProjectNo.: 6-V~-·J-<'i> _____ _ �
Date: V""~ 1, ~ .:.., �

Page:_\_of_L 

<;ORRECTIVE ACTION REPORT 
(CAR) 

Description of problem: � t,JC t('c..C,.1'.e,(.} f'J,w C:.~1"+.1 fl'cfl'\ f.~~ S-'l of f.,e_. 

J~+e.- s~:,:~ 1°<J.~ "'°'" "-",,I r.o.n- , rt: Pl(, 

~c...~e IL C.c.'\ h..;.u.!'J / :~ 1-c../ ! ,v !' :~ ..,,_ l a~ 1'1 <. f'.S1 
Al\-·~ J.,~ .... ' ,.., C '1-n,J ere.. N~r ("4c! I-, 

ActionTaken: "i">lc.. fit:..J c,r.••, .. j- .fr-,.,-, f.'eiA I 4/ h1<. ~ -~lk..1y};c:.1 
r,<;rle./. '°"''-l f:'.,,,o....<e""" u.1~..,, fu<- c~~ 5.,__,..,-<= 0 4 ~.;..tJ., 

---------------------·--·-·----

Signatures:~ --r _ �
Analyst· ..._,.,-. - '-<-------. Date· �

.Laboratory Manager/Coordinator: f:/J-d '4c,~ ,·~L Date: q'- I~ 15.__ 
BattcllcQNQCOfficer:~3. ~~) Date 9'-/-ff 

Battcllc Worlc Assignment Leader: ~~~/4'
' 
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Corrective Action Repon �
Project No.: 6- it u ~.. "J -c\oO �

Date: y· ~ 1 ·°'-"' �
Page: _j_ of_!_ �

CORRECTIVE ACTION REPORT 
(CAR) 

Descriptionofproblem: 'ilit... IJ/;u,r.~.v ..:J"J ~ fer 1'1tf.,•./ .lJ I.Nl.J AJ'L·( 

e._\/1,,.~t .. {'l'L le. #hJ ~ l\i'-'1~'L..-' ~»~, k c~ IH-<.. 

Action Taken � 0.'1,i,.'AJ ~J f,.r 1"1<"-' 1l.,L3 ""'"°'J LIJV c..,..!. A /'</"lr-4.,-.1~
/J,.; !:, 1J Jct"\. c,r.h.,..:.vc./ _s.... -~ A"\1.~ c-" :,h, .. ~../-, 

. Signatures: --=--:;:? c 
Analyst:r~rr--./ . ~ Date: ~.. '] 1-~ 

-Laboratory Manager/Coordinator: tp,,, _,~4. (: ,e Date: 1/-/-7~ 

Battelle QA/QC Officer ~c+ef 2, ~~) Date ?-/-"If 

Battelle Work Assignment Leader: ...~~ / ~4:,, Date: 
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Corrective Action Report 
Project No.: 6,4../(&; 'f Cc S • c l..c 
Date: ¥'· 11 · '1 C; 

Page:_/_ of_l 

<;ORRECTIVE ACTION REPORT 
. (CAR) 

Description ofproblem: :z::i (.. A/l.~Jy /",<,µ.. I "'f<. I>,,,/ rd.,.. .A:..,(?!J ( fi • 1) 
U.iU A l~L ~,:1<(,.,. fa !de'-'-- fl,,f... 4,...,c.,,,1
"F ~ tyKj rector:,......,.... ~,.. ,..,..~ /l'l_·A!./:'",_;' .tf.'!<<-. I,.,. L 

cP- ~,11.k" J- ~ J fe ,.,"""" h ~<. : .. ¾-.<,t-' M 1-d f,.,-<.... 

Action Taken: ~C.. C.~-...~..,.. l)f! In< A.~ P.',1.,,_/ J,..;,,< 1\ ~, 1 "\ 

"""-4 .',H,"(,..~4..,/ c.,,.. 1-IJ ~c/.'114-" hi.-L. ~~..., .(, A""""" I

------------------------·-- ·····-··-·····-

Signatures: ~ 

Analyst: ~c::? ., �

Date: _v/J - f -'i__ "i.l.alxntmyM,nage,/Coonfuwor. if),,h,L.,:t ___, 

Battelle QA/QC Officer:~ $. ~ (~ ) Date Cf- /_-J_'l 

BattclleWork~ignmentLeadcr: 6~ ·/~ Date: ?',. 7 - '? 1/ 
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Corrective Action Report 
Project No.: {,.L/u C..,u.5-t ~ 
Date: ~-~1 ·C.." 
Page ...,L_ of-L 

CORRECTIVE ACTION REPORT 
- (CAR) 

Descriptionofproblem: ·Jl!.c_ ;f..i WA.A.-. V.-.k~ 1J11.I ~ .iurr•:,._'"'-./c/1•11,.... 
ih...,..,.,/J k~lii re,./ ,,..,, 'i~b/(,,, :;:t c.e /1,c. Pc~ A11...1>t:'c...:3 

Mt~"lO./ ~ Jf.'l<t. ..\c,k CO'lc..,u >,-..v,,,,,.JJ ~c.,- .,/o N( ~ 
b(..L,.,.-t (IJT' 11-tL f ~ h..c. f- he.,,~ !fl.' f, 

Action Taken '1k L fr'(.• P,'4.,./ J..r'es,~ / 7 I\/ "4....,c4...._ .S ~#1'.,../ Ce,,v~ 

L~J h/ D"I.J h.-i..1t... :C-3 ,,..,,,1 ty.1<- s-....y o~ f'it. S~k
tf<, :~:<.. ks~ fled ,..cJ.t~ F, 11tw~./, 

Signaz,r:;;~ ~ 
Date: Y"" J, ...~~ 

-1.,bo,-M,o,ge,llli,dina<~ ~~.:.1. Date: 4-(-'i~ 

BattelleQA/QCOfficer:~ 3 ~ (~J Date: 9-/ - f '; 

B,at1elle Work Assignment Leader: ~/4.,. /,..~:<,;;./ Datez;,. 
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Corrective Action Report �
Project No.: G,-<.llf\(.()5 l,w Cl 1-05) �
Date: 'f/0~/~ _____ _ �
Page _/ of _j_ �

C(?RRECTIVE ACTION REPORT ~OL PQ.6 ~ ~r,,..flt«:>' 
(CAR) 

-------------------·---·

------------------- -----· 
-----------------------·-· -· 
----------------- ---------- ---· 

Signa!:~:~,~ Date ~~ ")I ~ \ 

Laboratory Manager/Coordinator: ~ den .~<:Q Date: /-/__->i4 

Battelle QA/QC Officer:~ 76., ~C~) Date: 9-- /:::._'i.i__ 

Battelle Work Assignment Leader~a,~ £ ~~ Date: _±__?- "f .1. 
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Corrective Action Repon 
Project No.: 6-~i.1"6C.f... , i.., 

Date: ~- 3I • c,." 
Page:..!_ of_(_ 

(;ORRECTIVE ACTION REPORT 
(CAR) 

Descriptionofproblem: 1'1tt.., Hi D flt..._,,_,.,- bl...,l<K f"rc., h,q_ f,'£1..I ~J 
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Date: 
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.. �

MSD Sewage Sludge Incinerator Plant �
Site Visit Checklist �

QUALITY SYSTEM DOCUMENTATION 


Is there an approved quality 
assurance project plan 
(QAPP) for the project and 
has it been reviewed by all 
appropriate personnel? 

Is a copy of the QAPP 
maintained at the field site? 

' 
Is the design and conduct 
of the project as is specified 
in the QAPP? 

Are there deviations from 
the QAPP? 

How are any deviations 
from the QAPP noted? 

Briefly describe how 
calibration and other QC 
da:ta are documented. 

Does the calibration 
documentation show that 
calibrations are being 
performed at the required 
frequency and in the 
required manner? 

Are the standard data forms 
dated? 

~ , a~,te1ue~, ~\_U} Cfl~ 
¼ 1mu--1 LUi'::0-~ t~ criL- s\-k...: Lo/ 
(lt.l Cl tU:\.,L ~"c l!ctlLNL-OJ 

J 

J �
Page 1 ·1 
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. MSD Sewage Sludge Incinerator Plant 
Site Visit Checklist 

Is the person who recorded �
the data identified on the UJJi. ) 

form? (\~ 

Are any paper records 
'Written in indelible ink? 

Are the QC dat&. reviewed 
by another qualified person 
such as the QA officer or 
the project leader? Who is 
this individual? 
Is the project team adhering 
to the planned schedule? If 
not, explain the new 
schedule. Verify that all 
schedule changes have 
been authorized. 

ORG.ANIZATION AND RESPONSmU.ITIES 
I 

Ide1'tify the following 
personnel and determine 
whether they have the listed 
responsibilities: 
Work Assignment Leader: 
responsible for overall 
performance of the project 
and communications with 
EPA 
Quality Assurance Officer: 
prepare QAPP; review and 
monitor QA activities 
Project Task Leader: 
responsible for the on-site 
emissions testing effort; 
supervision of all on-site 
and off-site staff and 
communication with other 
on-site personnel. 

TRAINING AND SAFETY l 
..f. A 

Page2 
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MSD Sewage Sludge Incinerator Plant �
Site Visit Checklist �

-----1I 
l 

Is each project team 
member appropriately 
outfitted 'With safety gear? 

Are project personnel 
adequately trained for their ~ J11 J.. J 
safety during the ~.-00/ 
performance of the project? 

Who is authorized to halt 4J/Y
emissions testing in the 
event of a health or safety 
hazard? 

CORRECTIVE ACTION PROCEDURES 

Are there established 
procedures for corrective 
actions when the data 
quality indicator goals (e.g. 
out-of-control calibration 
data) are not met? 

Are the corrective action 
procedures consistent ·with 
the QAPP? 
Have any such corrective. 
actions been taken? 

J 
Page 3 
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MSD Sewage Sludge Incinerator Plant 
Site Visit Checklist 

Notes: 

[ 


[ 


l 


I 
l 
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TECHNICAL REPORT DATA 
(Please read Instructions on reverse before comp/etinR) 

I REPORTNO 2 3. RECIP!Et,TS ACCESSION NO 
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Final Emissions Report, Volume III of III, Appendix K- Appendix P �
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