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Purpose

The purpose of this project was to determine the accuracy, precision, linearity and
Method Detection Limit (MDL) for tributyltin (TBT) analytical techniques available at the
Virginia Institute of Marine Science prior to implementing an environmental monitoring program
in the Elizabeth River, Virginia. This precursory work is to document the ability of analytical
techniques to accurately detect TBT in ambient water samples at concentrations of 1 ng/L and
greater. The methodology used for this work was described in detail in:

Unger, M.A., 1996. A Manual for the Analysis of Butyltins in Environmental Samples,
prepared for the Virginia Department of Environmental Quality by the Virginia Institute
of Marine Science. VIMS Special Report in Marine Science and Ocean Engineering
#338.

Preparation of Saline Water Matrix

All samples for the determination of accuracy, precision, linearity and method detection
limits were made up in 20 parts per thousand (ppt) seawater to represent the sample matrix found
in Chesapeake Bay waters. The artificial seawater mix, Instant Ocean®, was used to prepare
sample blanks at 20 ppt for this purpose. Analysis of these prepared blanks showed that TBT,
DBT, and MBT were detected above the detection limit at; 1.1, 1.0 and 2.8 ng/L which was
unacceptable. In an effort to find a suitable material for preparation of samples, the commercial
mixes Hawaiian Marine Mix® and Forty Fathoms® were used to produce additional 20 ppt blank
samples for analysis. Blanks prepared from these mixes did not contain detectable levels of
butyltins and we selected Hawaiian Marine Mix® to use for preparation of all additional samples.

Determination of Method Detection Limit

In guidance with EPA 40CFR Part 136 APPENDIX B-DEFINITION AND PROCEDURE
FOR THE DETERMINATION OF THE METHOD DETECTION LIMIT-REVISION 1.11 a series
of seven samples were prepared at 1 ng/L TBT in 20 ppt seawater matrix. This target MDL
concentration was based on previous experience and known signal/noise for the instrument (Step
1, 40CFR Part 136, Appendix B). These samples were extracted and processed on 05-03-99 and
analyzed by gas chromatography on 5-4-99 and 5-5-99. The MDL was then calculated based on
the procedure 40CFR Part 136, Appendix B, step 6:

MDL=1 (1, 1.0=099 * S

where: t = 3.143 for the student’s t value with n-1 degrees of freedom (6 for 7 aliquots)
S = the standard deviation of the replicate analyses



95% confidence interval estimates (LCL = lower, UCL = upper) for the MDL were calculated
based on the chi square over degrees of freedom distribution for the seven aliquots analyzed.

The mean concentration for the seven replicates was 1.03 ng/L with a Standard Deviation
(S) of 0.304. The calculated Method Detection Limit is:

MDL= 0.955 ng/L
LCL =0.611 ng/L
UCL=2.10 ng/L

Precision Analysis

To demonstrate the precision expected for the methodology, a series of five replicate
samples were prepared. by spiking 5 ng/L TBT into 20 ppt seawater matrix. These samples were
prepared and extracted on 04-29-99 and analyzed by gas chromatography on 04-30-99. The
results of these analyses were a measured concentration range of 3.8 to 5.2 ng/L with a mean of
4.5 ng/L. The standard deviation for these replicates was 0.61 (13.5%). The mean recovery for
TBT in these replicate samples was 90%.

Demonstration of Linearity of TBT Analyses

To demonstrate the range of linearity possible for the method, a series of water samples
(20 ppt) were spiked at TBT concentrations of 0, 1, 2, 5, 10, 25, 50 and 100 ng/L. These samples
were prepared and extracted on 05-10-98 and analyzed by gas chromatography on 05-10-99 and
05-11-99. The results of these analyses have been plotted to show the measured vs. spiked
concentrations. The slope of the resulting regression was 0.9699 with a R? value of 0.996. This
demonstrates that the method is capable of producing a linear response through the range of 1 to

100 ng/L.

Tables, Data Reports, Chromatograms
Tables of all data produced are included with this report and copies of gas chromatograms
and data system reports are appended.



Table 1. Determination of Method Detection Limit
All samples prepared in 20 ppt artificial seawater
Concentrations reported as TBT Cation (ng/L)
Samples prepared and analyzed May 3-5, 1999

Sample Spiked C . M iC .
Blank 0 0.0
Replicate A 1.1 1.3
Replicate B » 1.1 1.3
Replicate C 1.1 0.9
Replicate D 1.1 0.6
Replicate E 1.1 0.8
Replicate F 1.1 14
Replicate G 1.1 ‘ 0.9

Mean Concentration = 1.03 ng/L
Standard Deviation (S) = 0.304
Calculated MDL = 0.955 ng/L
Calculated LCL =0.611
Calculated UCL =2.10

Principal Investigator WO - (.A«/\—\

Michael A. Unger, Ph.D.




Table 2. Precision Analysis
All samples prepared in 20 ppt artificial seawater
Concentrations reported as TBT Cation (ng/L)
Samples prepared and analyzed April 29-30, 1999

Sample Spiked C . M ic .
- Blank 0 0.0

Replicate A 5.0 4.7

Replicate B 5.0 52

Replicate C 5.0 3.9

Replicate D 5.0 3.8

Replicate E 5.0 4.8

Mean Concentration = 4.5 ng/L
Standard Deviation = 0.61 (13.5%)
Mean Recovery of TBT = 90%

Principal Investigator, WQ~ (A'S:—\

Michael A. Unger, Ph.D.




Table 3. Demonstration of Linearity of TBT Analysis
. All samples prepared in 20 ppt artificial seawater
Concentrations reported as TBT Cation (ng/L)
Samples prepared and analyzed May 10-11, 1999

Sample Spiked C . M iC .
Blank 0 | 0
1 ng/L 1.1 1.3
2ng/L 2.1 25
5ng/L 5.0 4.0
10 ng/L 10.0 9.9
25 ng/L 25.1 23.7
50 ng/L 50.1 433
100 ng/L 100.2 100.0
Regression Analysis:
Y=X*0.9699
R?=0.996

Principal Investigator W a (/\Y\

Michael A. Unger, Ph.D.
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Fri agr 20, 12%% 3:20:12 pm

i

SMETHOD - TIHNE

MTIMIG MTH

CEORMAT /T THT ~SHMBLT TN, FMT

LT
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JserNodxF;ed
Butyltin analysis by GEN :
Sample Name : SN27-28A DEQ 5 NG/L C 04-29-99
EXTRACTED ON 4-29-99

Peak Processor Genie Multilevel False
Instrument AsD_3 Calculation InternalSTD
Result File /RESULT/TIN3/5RES31L.RES
2un Time 16.02 Minutes Injected on Fri @Apr 30, 1999 2:13:09 pm
} Dil Fact Smp-Amt Std-Amt % Purity Inj Yol Ratio
104.03000 1.40000 14.20000 100,000 1.0090
“un Status RunStatus0OK
EndDfflasel ine
A
Speciallnteg DL 0. SA‘ A
Tk RT ID-tm Rez Factar CArea ngl Marme
1 ;.52 $7.53 L0292 17279 48, 2¢ TETRABUTYLTIN
2 .52 #+2.52 .0244 1201 Z2.94 TRT+ Balasbllﬁl
2 12,12 $#12.13 1.65000 18420 HePa28n internal str
4 13.02 412,03 0148 602 ge  METser 0.8 nga MBI
Totel Arsa 32303 Total rg-l 49 .994
tgport Time ¢ Fri Apr 30, 1999 3:51:%¢ pm
e thod SPMETHCD TIMNZMTINIG. MTH
‘eport File SEORMAT A TINZI/GMEUTIN.FMT

Page 1

Report No : 25.01

r_,,uz)C»ST"Q
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50 LBD@@;TREP@RT - BUTYLTEINS
Jserﬂolexed
Butyltin analy&t&'by GEWIE

Sample Name SN27-288 DEQ S NG/L D 04-29-99

EXTRACTED ON 4-29-99

Peak Processor Genie

Page 1

Report No : 24.02

: Multilevel False
Instrument : A/D_3 Calculation InternalSTD
esult File /RESULT/TIN3/SRGE232LL.RES
Tun Time 16.02 Minutes Injected orn Fri Apr 301, 1999 2:37:28 nn
% Dil-Fact Smp-Amt Std-fmt % Purity Inj Usl Ratis
i00.00000 1.00000 1¢.70000 100,000 1.000
L. Status RunStatusDK
EndOf fBaseline DL= .S A
Speciallinteqg
A 0T ID-tm Res Factor Arza mg Mame
1 7.52 $#7.53 n292 16441 47, TETRQBUTYLTTN <
2 9.51 $9.52 0244 1492 3. TRT+  3,8n 4
3 12,12 #12.13 1.0000 17427 HePe3S8n IntP'ha‘ =td 3
4 13.02 412,07 . 0148 13 MBT+++ & ND DET+1MBY
‘atazl Area 34817 Totzl 47.508
sport Time Fri Apr 30, 1999 3:87:06 pn
zthed SAMETHOD /T IM3AMTIMZS MTY
sport Filse SFORMATATIMNZ AGMBUTIN, T™HMT



(soynurwr) swr) uonuIRY

00'vl so)=* 000 00’8 009 00y
| | | | |
é,%} %E};%}Egm.m
+14L —05's
-0/.'G
-06'G
© dLSIuSg€edoH .E_bzﬁ.uﬁ_‘ﬁ

T/8u G :q erem payids L4l

osuodsay



: _ié by GENIE Page 1

Sample Name ¢ SN27-28C DEQ % NG-/L E 04-29-99 Report Mo : 27.01
EXTRACTED ON 4#29—99
Peak Processor : Genie Multilevel : False
Instrument : AsD_3 Calculation : InternalSTD
mesult File /RESULT/TINZ-SRG932ZL.RES
iiun Time : 16.00 Minutes Injected on Fri Apr 30, 1999 Z:02:01 om
* Dil-Fact Smp-Amt Std-Amt % Purity Irj Uol Ratio

100.00000 1.00000 1é6.70000 100.00¢0 1.000
Zun Ttatus RunStatusOK

EndOffBazz!lire —
DL= 6;3f‘su
Specisllntes

v =T ID-tm e rg-! Marme

1 FLET $7.52 167272 42 .51 TETRABUTYLTIN

z 9.5 $9.5° L0744 207 4.22  TRT. 4.'8n5u‘V!>TJ‘

311,75 $11.39 L0196 244 63 DBT++ o Tagl OBV

4012013 #12.12 1.o000 17D HeP23%n interrmal =td

L - SRR E A $13.02 .n148 N2 .29 MBT+++ ,.op\vl mrT3
Total Area : 25051 Total 42 997

=R

-;_-,p

ort Time

[ |
b
g

O File

Fri apr 30, 1993 Z:00:47% om

AMETHOD AT INZ /MT 133G 7Y
1

AEORMAT. T 1HZ EMBUTIH . FHT
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s

Userﬂoleled
Butyltin analysis by GENIE

Sample Name : SN27-33D DEQ BLANK
CXTRACTED ON 5-10-99

"eak Processor : Benie
Instrument : ASD_3

SRESULT/TINZ-SRERS 4L 12T

x.U

Result File
2un Time : 16.00 Mirnutes Imizoted

;: Dit-Fact Smp-Amt Std-Smt
139.400380 1.00000 16.720070

Tun o wtatus ! RunStatusiE
EndOffbzazeline

Speciallntac

g RT Io—tm Pes Factor firesa
H F.T4 $2.8% .hR2ez 254032
2 11.%4 $11.2% L0194 z42
1201 12,17 1.0000 nNaTER

E0220 Totsl
Geport Tims o o bled May 12, 1999 10:22:454

od s METHODATINT AMTINZG M7

eport Til: o FORMATTIN3/GMBLTIN EMT

Maltilewel

3360 iooP REPORT - BUTYLTINS

05-10-29

Calculation

on

Maw

i Purity
190

.0no

DL~

Report No

False

Page

1

T 2.01

Interna1STD

199092 12:4%:27 ~m

Trd

Olu'\s"e

"ﬁ*rn

ETRARUTYLTIH

DBT++
HePe 3%

51.9%%

1,000

imternel

ol Ratin

pNDOTRTF
0. g-nmg-rkl

=+ A
MO nerr*3
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3350 LOOP REPORT - BUTYLTINS

JeerModified
Jutyltin analysis by GENIE

Sample Mame @ SN27-34A4 DEQ 1 NG-/L
-AXTRACTED ON 5-10-99

‘eal Processor @ Genie

AsD_3

cnstrument

3
Jl
0
-

‘zault File ¢ Z/RESULTATINZACR

15.00 Minutes

{
—
i

[ ore d
SMp - Hn

1.380000 1a . 700
. Status t PunStatosDE
Cndfflzzesline
= 10T _
cpiLlaliinteg
cir TRt Hess FTactor
: rF.ez noR2
i H7 T L B
- AESRRE 0244
3 L. 2% 125
% $i2.13 BRNRERIRIRY
= $1Z 007 214
stal Ars 427410
syt Tiane bed May 12, 1997 1

. TIMIAMT TR
r : ST T IMZAEMRUIT TR

CMTH

FMT

Multilevel

al-ulation

[

Page 1

Report No : 3.02

IriternalSTD

?9?9 1:07:47 gkt

T'mj Mol Pztiz
1.00n0

Blemya
TET?QP“T“LTIM
""r"lT ' 3" +
meT dm.r +1
T C)\A”DST

#F%m interrsl

MT 4 44, 0‘6"}“6\'134
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~ 0 PUT 3350 L0OP REPORT - BUTYLTINS
UserModified .. . .
Butyltin analysis by GENIE

Sample Name : SN27-34B DEQ 2 NG-L 05-10-99
CZXTRACTED ON 5-10-99

Peak Processor : Genie Multilevel
Instrument : AsD_3 Calculation

Fesult File : /RESULT/TINZ/SRG?54L .RES

Page 1

Report No : 4.02

False

InternalSTD

Jun Time ¢ 16.02 Minutes Injected on Tue May 11, 1999 1:74:18 pm
% Dil-Fact Smp-Amt Std-Amt % Purity I[nj Ual Ratin

100.00%50¢C 1.0000%3 16.70300 160.000 1.000
Tun Ztavus : RunStatusOK

EndOffBaseline

Speciallnt=g

3 KT ID-tm Res Factor rig 1
1 7.54 #7.532 <0292 47,89
z .52 12.82 . 0244 246
¥ 11.35 #11.26 L0194 A4
4 12.13 #12.12 1.0000
5 13.02 #12.03 L0 Ar 63

“atal Area : TTNI9

czport Time @ Wed May 12 19299 10:78:04 zp

Fiod : CMETHOO/TINZ MTIMZG, M7
b File ot SFORMATATIMZ CMBUTIN, OMT

DL~ 05:\5)(

Hame

TETRESEUTY LTI +

TET+ Q.S ng@ST

nRT+ + O\O”J‘DS-).‘,L
HePe3%n infermal =td

MBT++¢ 5.1 ndMBT 3
0.1~

S1.6732
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B . 3350 LOOP RERFGRT - BUTKWLTINS
UserModified
Butyltin amalysis by GENIE Page 1
Sample Nam&y + SN27-34C DEQ % NG-L 05-10-99 Report No @ 5.02
EXTRACTED BN 5-10-99
Peak Processor Genie Multilewel : Fzalse
Instrument : AsD_32 Calculation : InternalSTD
P2esult File : /RESULT/TINZ/SREZSPLIRES
“un Time t 16.00 Minutes Irjected orn Tue May 11, 1999 1.59.55 P
s Dil-Fact Srap - Amt Std-Amt % Purity Inj Uol Ratin
100.00C00 1.00000 16.70000 100,000 1.4n0

Tun Status

A
(a1 I B

SV S O]

B
N O )

fu—

“atal Area
seport Time

“iethod
“epart File

.
35
#12

RurStatusJK

EnddffBazelire

DLz 0.~

o allnteqg
O-tw Res “=ctcr Area Cpde ngol Flame
EE 292 15653 757 T PF-JT"*'H
9.57 0244 1540 zee  Tome 4 ong ARV
.12 1.0000 14045 Hcrw7“n interaal ztd
VD PRI BT
FE267 Total ngol : T1.5¢
Wead May 12, 199% 17:27:83 am
MOTHOD AT TRZ AMTINMIC, MTH
ECEMET T INTOSMBUT TR EMT
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~ BUTYLTINS

3350 LOOP REPOR
UserModified -

Sutyltin analysis by GENIE | Page 1
Sample Name : SN27-Z4D DEQ 10 QG/L 05-10-99 Report Mo @ 6.02
EXTRACTED ON 5-10-99

Peak Processor : Genie Multilevel : False

instrumént : A/D_3 Calculation ! InternalSTD

Nesult File : /RESULT/TINZ-SRE9%8L.PES

‘lun Time t 16,00 Minutes Injested or Tus May 11, 1999 2:21:4% opm
4 Dil-Fact Smp-fmt Std-Amt % Purity Irnj Vol Ratio

i00.00000 1.00000 14.70000 lop.acn 1.000
Tun Status t RunStatusdK

Erd0ffBazeline

Doy

Speciallnteg ) DL:’ 0.3 "_{"(

[x1]

TR RT ID-tm Res Factu: firea rg ol Marme
1 F.B4 $7.532 L0222 12S0é £1.79 TETRABRUTYLTIN
2 9.52  $2.52 L0244 4513 2.97  ToT+ 9.anglTBT
2 11.32% $11.32% L0128 Z92 LER DRT+ - 057ﬂL‘bBT*
4 12,132 $12.13 1.0000 18513 HeP=2% intarnzl std
) Mo N AT 13
Tatal Avrea 42924 Total ng-l : £2.007

meport Time @ Wed May 12, 1999 10:40:09 am

7

“tethod : AMETHOD T INZ ZMTIN3G. MTH
tsport Fils ¢ CFORMAT/TINZ/GMEUTIN.FMT
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00PYR ORT - BUTYLTINS
UserMod1F1ed
Butyultin analysis by GENIE‘
Sample Name : SN27-35A DEQ 25 NG-L 05-10-99 Report No : 2.02
“YTRACTED ON 5-10-99

Page 1

“zak Processor : bGenie Multilevel : False
Tstrument : ASDS Caloulation @ InternalSTD

Esu it Flle 1 /RESULT/TINZ/SRERSFL . NED

i

i Time : 16.00 Minutes Irjected on Tu=

; Dil-Fact Snp- Am Std- : ;
Lgu.00200 1.00008 1s.70000 SRHE IR RIS 1,000

Toi Status D FunStatusll
CndOf fBazeline -
DLz 6.5~y
Tpeciallnteg
A Y IEBEER G ¢ Nes Factor RERL
i e L g2%z% TETRABLITYLT T
L 9.52 §9.52 244 TOT+ aaﬂn)lk‘r& "y
> 11.37 #ll.20 .01%¢ oeT++ O, bn‘ W 0T
4 12.1e $L2.15 1.000¢ HzMe3Thn internasl ot
MY NBT 3
stz Rrea 45547 Total ngol FRLUBAT
por it Tl Wed May 12, 1799 10:042:07 &«

P AT T LT AT
3 oMTINIL TN
1z
b P

 AGMBUT T T
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USerﬂodiﬁ d->

Butyltin analysis BY GENIE

Sample Name : SN27-3%5B DEQ 50 NG-/L

IXTRACTED ON 5-10-99

“ealk Processor : Benie

e

[nstrument’ A-D_3

ns

sult File

t

“arn Time : 16.00

% Dil-Fact Swp - Am
100.00000 1.0

Sun Status : RFunSta
Lnddff
L. -
—p s 1a
R T iC-tm
1 2.54 *#T.C7
z 2.82 $9.52
z 1L1.736 #1:1.3¢%
4 12012 $12.132
£ 1x.02 $1=Z.07F
ztael Ares :

sport Time @ Wed May

isthod o CSMETHD
spoi b File @ CFORMG

n

L

Minutes in
t St d-fumt

SRESULT/TIN3/SRE2460L . RES

3350°LOOP REPORT - BUTYLTINS

05-10-9%

Multilewel

Calculation

Page 1

Report No : 9.02

: False

Interns1STD

jected on wgd May 12, 1999

98043 14.700070

rusDK

Res Facior
N2z

L0244 -

L019¢e
1.0093
.14z

c

63502

e

{

12, 1%%%

s

o

TATTRT MO T T a
LECAE BRI B - B I PR

OrTIMZ MTINZE,

S Y

RV I B
00
D

b3 e
o
sy

]

]
L B R
PO S DL T R
[ SO 2%

T e a0
PO e e
T

e

Hame

HePe X5~

MOT+ 4+

?1.29%

TETRASUTVLTIN _
TET+ U3By L TBT T

NET++ |‘°““(»05T

Tt oas

N0 NBT
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3350 LOOP
nalysis by GENIE

Sample Name @ SN27-35C DEQ 100 NG/L 05-10-99
“XTRACTED ON 5-10-99 '

Page 1

Report No : 10.02

~eak Processor : Genie Multilevel False

instrumeﬁt : AsD_3 Calculation InternalSTD

“esult File : <RESULT-TIN3-SRE?61L.RES

dun Time : 1£.02 Minutes Iniected on Wed May 12, 1999 19:@2:85 am
« Dil-Fact Smp-Ant Std-Amt | % Purity Inj Usl Ratio
100.0600080 1.00000 16¢.70000 100.000 1.000

“un Status ! RunStatuslK

EndSffBaseline

Sp=ciallnteg

Wi RT ID-tm Res Factor gl
1 7.52 k7. S3 292 & .67
2 9.51 $9.%52 0244 99.95%
3 11.3 $#11.3% 0194 1.47%
4 12.12 $#12.12 1.0000
5 13.02 $#12 .02 148 .93

‘otal Area : 51784

Ceport Time @ Wed Msy 12, 1°%% 10:48:

lethod : AMETHODATINZ MTINIG . MTH
teport File @ ZFORMAT TIHZGMEL

DL 0.3 n(}(

Mame

TETRARUTYLTIH

TpT. (OD-D nslATB'T"‘L
DRT++ L4 ayd pAT?
HePeZTn internsl =ztd

MRT+++  0.Gayk NBTTI

1e2 002
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