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I Soil Disposal Antifouling Paint
I Waste—contaminated Crit Hull Cleaning Operation.

Organotin Compound.

as AS Y S A C Y  IC...ffiu... .~~.. .a~. U .....~ .4 1 11P 4, W.,h ~~~I4I)

~~ ()rganotin compounds currently are used in some antifo~iling paint formu—

I lattons . Waste disposal problem. occur when these chemicals become mixed
with abrasive grit during ship hull cleaning operation.. tandfilling is one
means of disposal; however , organotinc may leach thr ’~ gh iou , causing
potential ground water pol1~ition .I An experimental study was undertaken to determine the leaching behavior —
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and migration of organotin compounds throug h c lay , topsoil , and sand. -

Waste—contaminated grit , obtained fr o m Navy sh ipyards , was buried in
lysimeter.. After 16 weeks of receiving simulated rainfall , the 1.
leacha te tin content of each lysim.t.r was no higher than th. background
leachate tin content measured prior to grit additio n . All soils had a
strong affini ty for the organotin compounds.

Horizontal and vertical migration was observed for the clay and -

topsoil. The sandy soil showed mostly vertical migration . C ’rl•
samples of these lysimeters , shaken with water and centrifuged , did
not show any toxicity in tes ts  on guppi es .  Sased on the results of - .
this study, soil disposa l of spent abrasive grit containing organotin
compounds could be an effective interim method . IT
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AHS ~~~CT• I Organot in compounds ~~ r~ ,-nt  lv  mr . - used in some

ant i fouling paint f~’r!’-u! it ions. -? .mst .- disposa l
~‘roblem s .‘ccur when tht-s ,’ .-h. t’- ical,a become mixed
w i t h  abrasive e r i r  durtn~’ ship ! t i ll  cleaning opera-
tions. L and f tiling Is one means of disposal: how—

o r~ .mn ~’ t ins  ma’.’ 1 OiL Ii through soil , c a s t s  I ng

I potential ground water p olisi t ion .
An experimental st m m d v  ~as undert.iks -ti to I s - —

terr~ I n -  r lit - leaching behav i ‘r and migration of

I organo t in compounds ~~r - -mgh clay , t o t ’ s ’ i l , and
sand . ~~as~~,- — c~ontamin~itv d ~r i t  • o l ’ t aimed I ror Navy
shi pv~ir 1 s . was buried in l vs I~ ’s~t .rs. A~ s r  16
weeks & -s ’ rem -d ying sinnil a t ’ - r tn~ .t l  I • t he I m - i s h —
- i t , - t in  con ts - r i t  o f s-im h lvslneter was  no higher

~m an t he  b . m ~ k gr~’und leac h . m t m -  t i n  s ent i nt  - s - . i s s i r s - - I
• p r ier to grit admi t len. A l l  s o i ls  had .1 strong

a f f in i ty  for the ‘ rm-an ’ t in compounds.
I!or i~ - - - ’ t il and v s - r t i c a t r ’ l s - r m t  Ion w as  observed

f~ r the cliv and -
~~~~

- 1 . The sandy soil showed
- - most l v  vt’rt ical mi  c r - i t ion. icr.- samp ls-s s f  t is , -se

lv, . t c m - - . ~~iiken w i t h  wa~ . r  and centr i fuged , did
not show in ’- ‘x t c  v in  t~ - - - t  s on imsr ’ p t e s . Based

--  on the r, - - ’ It s  ~ f t b - is study , soil disposal ‘f
spen ’ abrasive grit c- - ;’t .sln in g r c a n ’ t i n  coin—
pounds could be an ~ f fes - ’  lye Inter im —‘,-t h o i .

• \ ‘ ‘- ‘T N I STR.ATIVE i~~
;
~~ : ’ ’ \  ‘ 1~~’;

This w ’r ~ was accomplished under ~r ’ .~r.r- Element ~
-
~~~~7 ? l N , Task Ar. - ,-i

S0401—ST.Ofll * ~‘ ‘r~ Unit l— ~~~”1 — 150 .

INTRODUCTION

~ f 
- 

OBJF.CTIVE
- The objective of t !,1’ work was to -~ -tenn ine the behavior and migra-

t ion pattern of or~~-mnot in compounds in s o i l .

- 8ACXGROFN~’

Ant ifouling o ings ire use ! m -  p r o t e c t  shi p hulls from fouling by

- 
marine organisms . The r -le of t s ’ - - s -  coating s bec r-n-s more significant in

L view of current and f u t i r s -  feel c o s t S .  It is cst irsa t e’! that  vessel speed

I
— 1

I S



1*losses of 0.5 to 1.0 knot are due to m ar i n e  f o u l i n g .  In terms et Navy

cos ts, annual losses of approximately $50 million can he it t r ibutt- i to

hull fouling. E s cal a t i o n  of these costs is a n t i c i p a t e d  in the future.

Cuprous oxide , the main ingredient of antifouling m o a t  ings , has been

applied to ship hulls for more than a century and continues to be the most

widely used coating . However , several problems assoc iated with this

copper coating are known: (1) ineffectiveness in controlling tube worms

and algae . (2) corrosion problems on steel and aluminum hulls , and (3)

lack of protection with plastics and ruhbt- rs .
2

In recent years , anti touling ‘- ‘-stings containing organotin compounds ,

spec P ically , trib utvlt in oxide and trih mit v lt in fluoride , h ivi- shown

prom ise in overcoming the cuprous oxide deficiencies . The current organo-

tin ant ifouling paint utilizes ! by the Niv is d.-s i gn at •-I F_I (l .~flA . Con-

st i tuents of t his  paint are shown in Table 1. It Is noted that the paint

consists ot more than 20—percent organot in compounds.

Abrasive blasting of ship hulls coated with F—1 O .’flA (black) - -rgano—

tin .-inti~ ouling paint produces large quantities of spent contaminated

gri t. Ticker m t  il .~~ hav e estimated that , for a typic al N ivy ship coated

wit h F—1020A , approximat ely 1000 lb/hr (2200 kg/br) of spent mh r ac1 v i~

**crit is prs’d s -ed . ~t~ - - - i i s t  this grit contains organotin compounds,

which have a higher repo rt toxic itv than cuprotis s ’x f sls , disposal of

these wastes requires m~ .~~~~s m t  .- environmenta l isa! egmia rds .

Di sposal ~f the cs ’nt - r--inatt-~l ~ri t wast~- • - his consisted o~ p lacing

them into 55—i ~a ( 2 0 8 — 1 )  Irums and h~sry1n~ t hem in Class I (nonleaching)

land :ills . This is labor In te nsiv e - m d  th i n - b r cost lv. In addition , in
many a rm-ic , t hese l andfills -ire m i t  avaI lahl~ . Such is t h e  m iSC i t  Pearl

Harbor and at many shipvar b- along the Fast Coast . In t h i - s i -  cases , it has
been necessary to transport the wastes to alternate site ’- , e.g. , f r o m

Pearl Harbor to the West Coast , ri -su iting in excessive -‘ ‘I S  to the Navy .

*A comp lete l i s t  of references is given on page !.7.

**fle f initions of abbreviat ions used —i re given on page vi. I
• 2
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I
lAhl.E I — C 1N STIl l EN1s OF NAVY ANTIFOJI.lN(; PAIN !

Ingredients Poun ds  1~~
r l O tion s (kg/ l00 1)

( S p e c i t i c i t  ions) (T i c s  I Class 2 Class 3

Viny l Resin 150 ( p7)  150 (87) 150 (87)

Ris—t r ihuty l t in  Oxide t .  (21) ~ (21) 36 (21)

j Tributylt in Fl- s m  ide 155 (mifi) 155 (Q O) 155 (90)

Car bon Mac k (AcT’~ T)—561) 18 (10) 14 (~~~~ ) 12 (7)

Titanium Dioxide i A ~~P’-~ ! i— . ,7~
, , 6 ( 

~~) 1 6 (9) 22 (13)
‘rv~’5 - IV)

!-t h v l e v m e Clv  ol Mon-s- thy ! Ether 2~. (15) 26 (15) 26 (15)
0 A~ - t a te  (‘-~ rT. —E— I

- -  N -r m ’ -m l  Propano l 95 (55) 95 (5 5) 95 (55)

Normal Butv l Ac et ate (T1’—5$38) 370 (215) 370 (21 5)  370 (215)

856 (4 n~,) ~~. -  (500) ~~~~~~ 
(503)

1 t h e  c r c - sn - - t in compounds - - m e - ~-nt in the spent ~- r 1 t  are re ta ined by

soil without leaching to the c r ’ m m n s !  w at e r , then soil dicp osal —igli t he an

l e t  s r  in so lis t I on .

The I-PA , wi th Ibi s - passage o the Resource (-‘ n - ;s- r ’.- s t  Ion :u, b Recovery

- - A . t  of 1976 ~ ‘iRM , has been assi~~ns~ i t ’ e responsibility of developing

- ~is i ide Ij nes in ! - - t  in - j r - i - . fo r  d is pe is i l o~ haz ar !s ” ss  m,nlst p — i t erials. Fed—

• c m l  f a c i l I t i e s , suc h a- - naval s hipva r- ic . must comply with the requ ire—

- 

mentc of the u t .  Land disposa l of b s : m r I ’ ’ ;  w a s t e  is one of the methods

• which w i l l  he ro~ m s Iated . -\-cording lv . EPA is Ievrlnp lng a 1 s t  of ha~ ar- 1 —

ous was t e s .  A was ’ - -‘. s t ” r l a l which Is not on t ’ c- I-TA list could he dis—

posed in  a ‘;i’ ’ : I m r v  landf i l l .  • ‘-• s.-e ’m r m’ ! landfill would he required for
“ the disposal of w-i -~ t r  material  l isted  by FPA . Lisr .- - wa s te  would then be

considered hazardous , and the disposer would he require s ’ to obtain a

permit ‘r- - --- the EPA or t ’ie cognizant s ta te  agencY . The secured landfill

3 
*

- ~~~~-~~~
_—.—._--_-_- — - 
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would have to meet the requirements of RCRA . EPA - im s t l e i p ;ites publishing

a list in early 1979 .

There are few published papers - suu et- r m -i i n ~’ the inter act ions o b - ‘ r cano -

tin compounds with soil . P.s r u m -  et al . ~imsswi- si I h i t  soil r u m - rm ’ I I m ’r.i could [ 
-

degrade the fungicide t r ipheny l t in acet a t . -  (TPTA) . This f inding led those

authors to conc lude that ground w a f i - ?  cont imriui .it I n  was a ri -mo te  possi-

bility. In a later investigation by t h~ same •ismth or s ,
5 the half — l i l t -  of

TPTA was determined to be 140 days. The - l i t  hors ape sl i t e d  that eventually

all of the TPTA would be c o n ve r ted  to inorganic t i n  compounds. ~ol1en

and Tu ,6 using up to 100 ppm tri hut vl t in s’xi s!e (TwrO
R ) in soi l , observed

no adverse eff ect on soil rui - -ro ’’r~ auu i sms -i on their abili~~- - t o  maintain

soil fer tility. Katsumura
7 
demonstrated the str ’n5 - adsori t i - - I t  of soil

particles for such organotin compound s as h i s t r i m - r -;’ vi ti n • - x i - b s  , bis—

TRIO , and trihut ’.’l tin chlor i-h- . Most ri - m e e t l y , Sle s in ger 8 ;-e r l. ’rnt- s! a

laboratory study, using (‘~ (carb on 14 
adjacent t m ‘ in) labeled or~’anotin

compounds (unspecified ) in three soil t y p e s .  S i l t y  loam , silt y clay,

and ~ ick all c b s - w i -  strong ad sorpt lvi t v f o r  t hi - or s’ l t i s ’t 1 m m ’ ;  - P i s i c - l  on these

resu l ts, the .- ismt hors conc l uded that a prc’periv desicne~i and managed land b ill

site should hi- a safe depos i  f r - .- fo r c’rcan,’t in wic t e materials.

Design of an optimu m engineered landfill site requires consideration

of numerous factors cones-ruing the soil and the wi ; t e  u mti- r i a l . For the

soil , such fact o r- - as i t s  (I) ;-eru’- - i tm - I 1 P - - , (2) ss1 - s ’ r p t  lye cap a ci t -- ,

• (3) mUsl in above ground water , and ( .  w i t  S r in lil t rat ion and evapora-

tion through soil are some of t he  ~~- - i . -  important parameters. For the

waste material , some perti uu s i t f a c t o r s  1 m m - l i s l e  i t - - (I) chemical or bio-

logical degradahilit - - - in soil . (2) solub il itv , (3) v i m s~~os1tv , (-. ) tox— 1.
ici ty, (5) pH , and (6) r,stm - of app li - - i t  ion. b tmamise  c,~ntanInatio n o~
ground water is dependent on a waste material ’s n o b i l i t y  in i n ! dis— [l

appearance from h. mci I , al~. of the .-uhov e pa r- sm m -t m - r i s  u - - smc t  be evaluated

carefully. This stud y d i s e misss - s  ‘ P  leachahil it v (adsorptive capacity)

and migration (permeability) -f or(~anotin compound s through soil.

El
~Regi.tered trademark - ‘~~ M&T Chemicals , Inc .

4 
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I
I INVI

I DESCRIPTION OF LYSIMETFRS

The six 1’.-sinw t~ n~~- used in this study vt-N- constructed from .ilt ~~1num

r , - I I a phot s’~~ra;’h of i pair ot soil test vessels. Each

I lv s im et e r  u.is app rox i mat e ly  ?~4 x .~~ x 15 cm. A ; s - r t  m ’ r . l teml  Plexiglas sheet
wa~ inserted nt-ar ‘he ~~~~~ -- of e ach vesst- l to p rt ’vi dt~ soil support. Fine

I wirt- (stainless steel) rut - - b .  was ; - i . icssi  ovt-r the Plexiglas to prevent soil

~ ‘ss . A H u s h i n g S y c t , -- - - was in- .t slled in each 1-.-simcter t o  remove

r ’ s idua l ls - .schate and st- i  lr e :ut i~ t er  each sample.

• 1

Figure 1 — Two Aluminum Tub Ivaimeters

I
- 1 S 
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Three soil types were use!: c lay , topsoil , md sand . All soils wi - s i -

pulverized and passed through a 10—mesh screen to remove rocks and 1 - sr c i -

organic debris.  Of the six lysimetera , each pair contained one of the

three soil types. Soils were added t o  each lvsimett -r , l im p. - - ! , and y s t s - red

to minimize the formation of vol ts or hm n ni - Is . A small diVe was con-

structed around the perimeter of each l ysimeter r- prevent water from

seeping between vessel walls m l  t m -  soil.

b~F S c R T P T1flw OF ORCANOTIN t~’ -\~ IFS  -

Spent conramtnate •I abrasivi- c r it  was obtained t r s ’ ~ t ’ u.- ‘ iva l SI -mit-—

yar ds at Mart’ Isl and ( :~ It A) in! fTha r lm’st,’mm ( s i t  B). Thr .-s- i—g sarm p lcs

of the g r i t s  were compo~~i e l  and analyzed I or t In C - - u • out . At i t  one was

misc - ! to extrac t the organot in frac t ion of f lit- ~ir t t .  The analysis is

formed by atomic absorption (AA) spi~ct rop hotors - t rv  (see Appendix A) m di-
cated that Grit A containi-i 11’ ppm s -f t in and Gri t  R contained 31 ppm
of tin.

At the press-nt t ime , no analytical technique exists which can dif fer-

entiate and quantify organot in compounds at the part per billion level.

Hovt”.-er , AA Is capable of d etm- ~- t Ing and - ; l m \t i !y in~ tin at these low

concent rat ions .  In lieu of another methodology which could provi h- rapid

ana lyses , AA was u sed to rumas ur e the tin content . Result s re-ported

t hroughout t 1 r inv.-.ctl gatfon -ire shown as tin. Ori - inot in concentrations

of TRIO -r tr t !’-mt vl’in flumo ti d i ’ (TWIT) would he 7.S— old m~1’ater than the

measured t in values.  Bioassay t e s t s  w i th  gu pp ies  (Lehistes r i- t i cu latas )

were used at times concurrent ly  ~ ith AA analysis to ‘s - t e r ru i ne  t he presence

of t ox i c  or>~~me o t  ins. E arlier lah ’ r u t eurv experiments at this Center es—

tabl iche l tha t concentrations of 25 to 40 pph of TRIO were tox ic  to these

f ish.
The following t e s t  was performed in order to determine how much

organotin the two grit t ypes would leac h to water.  Approximately 50 g

(wet weight) of Gr i t  A was p laced into a sulppcm rtm ’ glass column . A second

column was set up similarly with Gr i t  ~~. Roth column s were flushed ten

times with 2Sf~ ml of distilled water . The volumes of water used in the

successive f lushings were rt- *prurtlo nal to those used t o ’ simulate rainfall

in the lysimeters containing 600 g of g r i t .  The f i r s t , second , and tenth 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -- ~~—- ~ - - - — — --—-~~~~~~~~~~ --~~~~~~~ 



H I
column flushings wt’rt’ col lected and analyzed . Results .Iro shown in
Tab le 2. These data indicate that significant quantities of tin are
leached from the two grits. Earlier , biossa\- t es ts  shoved the wat er used
to wash either grit type was toxic to the guppy fish. This indicated that
th. tin leached from the grit by water presumably was organotin.

I
TABLE 2 - TIN CONCENTRATION OF

COLUI-Ql WASHING S

Tin Concentration
Flushing (pph)  f rom Column

No. Conta1nin~
Gri t A Grit B

1 2000 300
2 1000 120

10 -‘~5 13

EXPERIMENTAl.

Some pre limi nar— expe r iments we re pm- rfonned befor - conducting the

lysimeter studies. Th~~~e t - - - t  s ws-~o- ne c e s s m r v  to es tab l is h  if there was

a tin background ~.-v s - b .  Analysis 1’s- -U~ con firmed the absence of t in in

the di still ed vatm - r supp ly . The co-- - - - -n. - u ~ s used In -t ruct i ng  the

lvsir-e:ers were t c - - t s - t o  I ‘ e r-m ine if they would leach tin to the water.

~ dot cc able  amount s - f  t in w -  r ’ - meiu - ; u u r . - - I  . h.- silnimuin l i t  cc t ion limit

us measured 1-v AA was established to h&- SO pi - -- rams .

1a~-oratory war.- w.’is t i - g t e !  for adst’r~-t ion wlth cotmner,- i al grade
TBTO. These c -nt -m iner s also wi-re rest ~~I ‘ ‘r c~~--mnah ill t v and reusabilitv.

It was determined that no gignj~ Icant .ids- rp t f , ’n occurred on glass or
polvprs’p-:Iene s’vi - r a 2-s—hr period . bs’hereas glans was readily cleaned for
reuse , polypropy lene was not. Th us - u , po l-~ - ropvle ne containers were used
to collect sample s , an ! then discarded . Plex ig l as , which was used to sup—
port the soil in the Ivg imeterc . was a lso  tested wi th TRIO for adsorption.
No signi fi ca nt amount of organ -t in  was adsorbed by Plexiglas over a 68—hr

pt-rind . Appendix B shows the rn~ i*lts of this test.

7
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The six lys imete rs were watered dail y for S weeks to establish a
stable tin background leve l in the lcach.sti - . Table 3 shows the tin con-
tent of each lv sim i t t-r ’s lenchate ‘ollowing a watering . When guppies

were exposed to similar leachate c the same soils , no toxic effect

was observed over a 96—hr period

TABI .E 3 — TIN U iNTEN1 OF LF.ACHATFS PRI OR
It) GRIT ADDITION

it i ’ f l  01 Tin jppb)
Sam p le 1

~’r 
So il Clay 

- 
Sand

No. 
- 

l v s i ” ss - t er  No.
I 

- 

2 3 4

1 11 15 10 9 6

2 1-. 11 7 9 7

3 l-~ 15 7 7 8

-~ 9 10 3 3 1 1

S 9 14 6 5 2 3
10 -~ 3 1 2

5 9 S 1 1

8 8 5 3 3

9 ~ 10 7 5 -• 5

10 8 7 2 7 3

11 •- •- 3 1 — 2

I- II 8 2 2 1

13 5 1 2 2 1 0

2 2 1 1

15 7 7 2 2 0 1

16 9 . 1 0 0

1’ 9 8 2 1 2 1

18 1 3 8 8 2 1

19 4 5 2 1 1

20 3 2 2 2 1 1

8
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— When the t in  content of the leachatcs rea~-i s- st a re lat ive ly  stable
a concentration (wi th in the l imitations of the AA), a section of soil 20 *

30 cm was excised from the center of each lysimeter to a depth of 0.5 cm .

A grit sample (400 —g wet weight ) was placed in t Im e void space and covered
with a portion ol  the exc ised soil to n~~intain the original contour . A
sketch of the lvsimetera , w ith the grit in place , is shown in Figure 2.

/ 
_ _ _cm ALUMINUM VESSELr /

I /
_— SOIL

l45

j

an #

~~
— PLEXIGLAS—REINFORCED

WIRE MESH SUPPORT

Figure 2 — Lysimeter Schematic

An earlier analysis indicated that 400 g of grit would be sufficient to
add to each lysimeter for conducting the evaluation . To simulate 2 cm

(approximately I in.) of rainfall per week , 2050 ml of distilled wa ter

H



_ _ _ _ _ _ _ _ _ _ _  
__

was sprinkled on each lv s inwter , twice we ekly. Th e’ .lrr.Iugemt’nt of soil
and grit types in each l vs imetc r  is sh ’wn in Table 4.

TARI .E -~ 
- LYSIMETFR SOIl . AND

GRIT COMPOSITION

Lvsimeter ‘ - . Soil Tvpe * Grit Type

1 Top soil B

2 Top soi l  A

3 Ci my B
( ‘lay A

5 Sand B
6 Sand A

~Soi1s col le’ct el at Crans~~, 1n !jana.

The leachate v m s  col lec t s’ - ! it  t he bottom - -
~~ each l v s i~— a - t e r , and a samp le

.~ this e f f l n - n t  was analyzed by AA on the sa~~s - day of co l lec t ion. N~ —

t i l l e d  w - l t c t , w hi ch was use ! to  water the lys ime t s - r s , also w.u-~ analyzed

at each sampling. Onc.- leaching ceased , the lvs imett ’rs wer - Ilushed from

t h s -  drain si - ce - w ith di -~~t ii h-I  w — u t e r ,  t ’  r ;t - any sediment which may

have accumulated in t h~- coil ec t ion chum!- .- r

RESL’I.TS AND DISCI’SS IeN

!.YSIMFTF !~’ fV .-\l~~AT Iu~N

Six soil lvs imets ’ r- u  - ‘ntaining spent abrasive gr i t  w an ts -  wer e moni-

tored for tin leaching over .1 l6—wcek period . Table S shows the results

of this stud y. A comparison of these 1. ut a w i th  those of Tablu- I shows

that the pri son -c of the organot in— conta ining grit did n ’ t  increase the

t in content of the leac hates .  This Indicates that organotin leached from

the grit is retained by the soil over thi ’ 16—week test . Lower tin con—

centrations in the leachat -s af t e r  c r it  addition indicate that more

10 
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T~ TABLE 5 - TIN CONTENT OF LEACHATES
AFTER GRIT ADDITION

1~~

Tin Concentration (ppb)
Sample Top Soil Clay Sand
No. Lysimeter No.

— - 1 2 3 4 5 6

1 2 1 2 1 1 0
7 0 3 1 0 1 2
1 0 0 0 0 0 1

1 1 0 0 2 2

5 3 2 1 1 1 1

6 0 0 0 2 1
7 1 2 0 0 1 1

8 1 3 0 1 1 2

9 1 2 1 0 1 1

10 1 2 0 1 1 2

11 1 -~ 0 1 2 2

12 2 3 2 1 2 2

13 7 5 3 1 - .  3
1-

j
. 3 -. 1 1 7 2

15 2 2 0 1 2 2

lt~ 2 3 2 1 3 2

17 1 2 2 0 2 0

18 2 3 1 1 2 1

1° 2 2 1 1 3

20 0 2 1 1 2 1

2 1 1 1 1 1 1

22 1 1 2 0 1 1

2 1  1 4 1 1 -~ 3
2-’. 4 . 1 1 3 3

75 6 1 0 1 7 6

76 3 2 0 0 1 S

27 0 0 1 0 2 7

*Onlv 2 7 sa r~p les wer e taken over the 15—
week period instead of the 12 planned . This
was because the Center was closed because of
holidays or inclement weather.

— 11
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indigenous tin i~ being washed from t he ’ soil and th u .~ stable tin back— [
ground leve l was not previously attained . The dat i of l i!sles 3 and 5

are summarized in Table ~s in term,; of mean tin - ‘nts -nt of the leachate

before and after gri t addition, ,is well as tIis - standard s i e v i s t  ions.

Changes in tin concentrat ion ,ire more readily obs -rves! In this t el- I c .

TABLE 6 — ~-iEAN 1,EACHATE TIN (~
( ~ I !-N’I OF

SOIL LYSIMETERS BEFORE AND AFTER
GRIT ADDITION

iii ( s e t  ent Tin Content
Lvs imeter Soil Gr i t  before Gr i t  a l t e r  Gri t

No . Type Type* Additi on** Add l tion***
Mean SD Mean SD

I B 8 3 2 2Topso il
2 A 8 -~ 2 1

3 B 5 3 1 1
C l i v

- ,  A - ,  3 1 0

5 B 2 2 2 1
Sand

h A 3 1 2 1

*Grit -\ contains 112 ppm tin : :r !t B, 31 ppm tin.

**Aft er 5 ws - s -~ s of fl ushing with di stil l ed water.

***A f t e r  1~- weeks of f l si - .h in s ’ with d i stilled wa ts- r.

CURVE FITTIN (; —

An at temp t was made to anal yze the siu t a of Tables 1 and S and to

i den t i fy  equations and their con stant-i prov id ing  best fit of the data. [j
Four formats were examined :

1. linear y m x + h ,
b2. power y~~~ax ,

bx3. exponential v - ne , and r
4. logarithmic y — a + bln(x).

12 }
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These equations were tested for best fit by the l e a s t — s q u a re - s  method .

The results are shown in Table 7. Graphs of the data in Tables 3 and S

are shown in Appendix (7 ,

TABLE 7 — CrRVF . FIrrIN~ TO DATA IN TABLES I AND 5
FOR l I N  CONCENTRATION (ppb) OF I.F.ACHATF

Curve ~~~~p,. Iop~ oi 
-~ Clay Sand 

- 
5.latlv .

and Charac- 
____________ 

Ly.i~~ t .r M o .  
-—  - - - - - — 

t s -  Gr i t
I 2 3 4 ~1 ~- Add itioa

V —

0 - . o .’ii*’ ~~~ 0~~d -‘1 0.51
• - 0 4~ -0.:.. -0.?i -o.:Q -0.25 —0- t: Before
b 12.37 13.03 7. S7 7 .17 5.10 5. 91

0. ~-. 0.01 0- ’~ o.oo 0.19 0,29
• 0.)-. 0.01 0.02 0.00 0.07 0.09 A f t e r
b 1.25 2.2’ 0.74 0.6R 1 ’~1 0.71

P -wr r
V —

O.~~7
a 15 .71’ 17.14 10.33 ll. u: $ .01 13. 77 Before

—0.19 —0 .39 —0~~.i —0. 5’ -0.75 —1. 14

0. 0? fl .-~ ’ -~~
5
~1 0. - “ 0.~~~’

a 0.07 2 . 1 $  O.’s~ 0.57 0.73 0.4 1 Af t er
0 .23 0.11 0.00 O. 1S 0 .31

0~~~~’a 0 ~ ) 0..’? 0.4~ 0.36 0.25
a I1 .S4 14 .1-. 7 .22 7. 55 4 .-.7 • Before
1. -‘~ - fl” — 0 f l~- —0 .05 -0 .05 -0.10 —0.21’

0.00 n .(W~ 0.15 0 .21
a ~‘ .00 0. - ‘ -~~- - l. fl1 0 . 71- Af t er
b 0 .02 0.00 -fl .~~i 0.00 0.03

I -g~~r I ~‘ -

— : - - (x )
n b  o - -.~ 0. s • .  0.c~~’ 0 ‘u ~~

a 14.31 l4°~ ~~~~~ 0.05 “.55 5 .16 B ef o re
h - 2 .07 — 3 .22 — 2 .1-. -2.31 — 2 .10 —2. 51

0.04 0 ’~-” 0.03 0.0I~~ 0.17 0.23
a 0.92 1, 1,9 U\ s”~~ 0. 1~2 0. 19 0 .15 A f t e r
b 0.5’- 0.34 0.1 S 0.04 0.- 0.73

• con centration (pph); * — s ’—’-. -~ - - 1  w.shin~ (aa c~1e nu&’cr); r — Coe f f i c i e n t o f
- - -t-r. ’ i~i t i - -n~ b — Y— fn ter c .p t.

~~
Pe*t  ‘ i t  s ’ t g I— .--~ r

11 
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The sequential samples of leac hate f rxu washing the soils prior to

grit addition did not follow the - i.ipected powe r curve format . This is the

curve which would repre sent the concentration of the overflow from a thor-

oughly m ixed tank , upon successive dilutLons by s- onstant volume addition .

Upon examination of the data for soil leachate before’ grit addition , the

curve f i t t i ng  procedures provided best fit with all c u r v e  l or m i t s  except

t he powe r curve. Thus , it can be c—rncl uded that m or e  complex processes

occur in the soils during successi ve- washings than simp l.- solut ion/part I—

t ion /di lut ion , a lthough in al l  these c ases the 1e.ich~ t e  tin concentration

declines.

The best fit curves of the dat .e of tI,~’ two sand lysimeters , before
.4

and af ter grit addition , appear to exhibit the greates t  similarity of the

soils tested . These are foil--wed by the clay and the topsoil. This

ind icates t!:i t sand is the mo —u ls ssr ss sg -neous of the three soil types.

Tin content of the leachates of all lvslmeter s , after grit addition ,

showed nonuniform results. This van - it ion is probabl y due to the limita-

tion of precisi on of the AA In the low tin concentration range . Con—

sequentl s- , th e curve fitting procedure shows no correlation with any of

the formats , indic ating a rarshom phenomenon . However , because the soil

is an adsorp t ive ’  mater ial ansi follows the principles of adsorptlvity,

so— i- t ype of corr ele t ion would eventual ly he ohserv, - s 1 . In genera l , the

tin leachat ’- concentrations a f te r  grit addition and watering were no

hi gher than those’ values measured bets ’re the grit was added to the soils.

The results of this teaching stud y are especiall y encouraging beca use

lys imeters gette r-th y t e n - !  I s ’  exaggerate t h e  mobility of substances In

soil due to  the large volurn - of water they receive in a short time period .

This is !urther :h~monstrated under tie ld conditions where rainfall may be

followed by extended dry periods. In such cases, as the upper soil layers

dry out , capillary action tends t i-  transport water from lower depths , often

carrying the leached substance upward . In addition , if the retention of a

substance in soil is sufficient (years), the soil chemistry and microflora

may eventually degrade the substance into innocuous products.

~
14
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EFFECT OF DISPOSABI.F FILTERS ON ANALYTICAL RESULTS

Because the leachates contained some suspended material , disposable
Nalgene filtering units (O.?—ii porosity) were examined for their effect

on the analytical results. Samp le -s of grit and soil contaminated with

organotin were extracted with water. A tin analysis was then performed

before and after filtering . Table 8 shows the effect of filtering on the

leachate tin concentrations.

TABLE 8 - FILTRATION OF
ORGANOTIN LF.ACHATES

Tin Concentration (ppb)
Liqu id Examined Before After

Fil tering Fil tering - -4

Water Extr -ect of Grit
Sample 1* 333 113
Sa-nple 2** 3 0

Water Extract of Con-
taminated Soil

Sample 1 11 11
Sample 2 64 33
S:v”.ple 3 25 18
Samp le -~ 1 1
Sample 5 1 1

*Ffl t& r &~si , then d iluted for AA .

**Tl ileited , 1 :100 , t hen f i l te red  for AA.

Fil tering soilfwater extracts shoved no measurable loss of tin from Sam-

ples 1 , 4, and 5. The tin concentrations of these samples are in the same

range as those of the leachates of Tables 3 and 5. Samples prior to fil-

tering contained par ticuiit es which may have contributed to the higher

tin values of the unfiltered leachates. It appears that the filters do

not adsorb significan t amounts of dissolved tin , particularly at the low

tin concentrations.

15
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CALCULATED VERSUS MEASURED I.EACHATF. TIN CONCENTRATIONS

The data of Table 2 LIre’ shown graphically in Figures 3 and 4. If

these curves represent ten extracti ons with each grit type , then the tin

concentration for a particular extraction can be obtained from the fig-

ures. Thus, the total micrograms of tin expected to he leached from each

grit type can be estimated . Table 9 compares projected v a l u e s  wi th

the actua l micrograms of tin measured in the leachates before and after

grit addition .

7000 ~
- ‘- - -— — — - _____________________________

I

~~~ I000 - -

2

0
4

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —-I’
I B

.4
NUM5~~R Of £XTMACTI0N$

Figure 3 — Extraction of Tin from
Grit A using Water
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Figure Ia - Extraction of Tin from
Grit B Using Water
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TABI.F 9 — CC*WART SON OF PRO.T F( ’TF P VFRSI’S
ACT1’AL LF.ACHATF TI \ (~ONCFNTRAT IONS*

— 
Topsoil lay 

- - — San~I ______

in Tin  
____________ 

lv s ire - t e-r No .

Concentration 1 2 3 4 5 
- 

6

Pro t ected l51 ’ 10.270 1517 10,270 1517 10,270
(wi th g rt t l

Ac t ua l 100 1 l-~ 55 l’~ . 108
(with grit)

Act na 1 320 I- ’.? ‘~ I ~~~ 95 106
(w ithout gr i t )

*Al  1 1 c~ z res .i r.- r ’port ~-d -es mic rsu r e-- - - o t in.

This ta b le  pr- ”.- ide ’ s ~ t i t - t b ,-~ ev idence t ha t  the so i ls  r r t e i n e - t  t he organotin

leached from the cont ;u’,~nit est gr i t  . The small coni c -n t r e t  ions s ’f  t in in

he ’ !eachate -s are ’ prestII’-te ’s i to be in tee -n otes t in.

M l (RATIs~N OF 
e~ c: ,\~~YrJ~ I’; ~oJ I

DEVF.LOPMF.NT OF A’~A IY c t S PROCEPVRF

The basic .-enpr - -e~ h involved se e -- ti n e a soil s imp le with a solution of

TBTO, e-x t r - -e c t i n g  t h e  soil with i solv.-nt , and s - t . r ”-inlng t h -  tin re ’—

- - ‘vs - r e -! . The labor -it s’rv ~-r -~ ed it . sed is eiven in Appe’ndix I). Solven ts

inves~ igit ed m c m l.- - ! ace- - — r ro r ’ anol an ’ Q ñ — r e r s - e-n t me thanol —

10—percent ace-tic acid. Bec -es-~e - s ’ f  i t .~ . volatilit y . .ice ’tone was selected

for ‘s-e- !lng t he soil with TRTO . Howev. r • acetone - was not a good solve -nt

for  e x t r a c t i n g  TRIO from the so i l .  -\lthoIlgh reproducible results were

obtained when this solvent va t-s t u e . !  for ext tac t  ion , th e - p r s ’c s - lu r e  was

time consum ing and Inconvenient. “e t h a n o ] — .- ec e ’ t ic acid (
~te -~)H-Ac) was

~~~~~~~~~~~ to be a -- ‘r e - eff ici ent solve -n t for extracting TRTO from soil , pro-

ducing recovcrie~c o’ ~~ t o  Q5 percent w i t h two ex t rac t ions  of the soil.

18
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ANALYSIS OF LYSIME T ER CORE S
ü Eight ct-re samp les were taken from each s i t the six lyaimetera , once

the contaminated grit had been excised from the soils. Each core sample

was approximately 15 cm long and w.l~ sectioned into top, r iddle , and bot-

tom fractions , extracted with MeON—Ac , and .tnalvs ’e-d h~ AA . A pT’ e- n s t i X  E

shows the migration pattern of tin as measured from th e core samples for

each lvsimeter. Samp les of uncontaminated soil were also extracted with

MeOH-Ac t o  establish background levels s ’~ tin ~s’r each soil t ype . Five

samp le’s of ,~.i- h  soil were analv7e.~sl. These indigenou s tin con~ e- ntrations

are shown In Table’ 10.

TAR1.E 10 — RACKc.ROIND TIN (‘ONTFNT OF t’NCONTAMINATITh
SOILS , r i s  gI NCFNTRATION (ppb)

(by ‘-~~~- H—A . ext n c  ion)

-- ___________ ~ .i ’j I e  Ne . 
_____soil s~~t ’° ~ 

- - 

2 
-

~~ 

Clay 13 50 20 I~ 17

Topsoil 3 151 10 80 43

Sans! 0 600 -‘.0 l~~
-) 663

Tin levels varied consl!. -r.i! ’lv for the sand . Clay ~In 1.-ye - I c were the

—
~ ‘‘- s t cons is tent .  It Is noted that t h e - tin lea, hate .- ‘nce -nt rat ions of the

uu.Toeltaminate ! en .-on t - e—- ~ n.- ited aol i s were i1~ ~~~~~~ less than t h. back-

ground levels measured for th .- uncontaminated soils. The tin content of

the botto— 7 cm of soil dir ectly t-’.’ne- .et h and ‘ c i t  c i t e  of the grit area of

each lyilmeter was determined , as shown in Table- II. The tin concentra-

tions are’ sirti lar to those reported for the soil background levels of

Table ~~ Consequently, no tin appears t~’ have migrated to the bottom

2 cm of the Ivsimete-.rs .

ti
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1
lAth I 11 — C(~~CENTRAT1ON I TIN IN BOh1’OM

cm OF (~~ ~NTAM I ~.ATF !l ‘-a ‘,1~

I v- f -- c t •r 
-l i~it (~on ’ ~. t  rst 

~
-
~~

‘ _~p~p~ )
Soil Type 

— 
1 ) l t e c t l  ‘. ‘t t sjde o f

Below (
~n It c i t  Are a

Topsoil 1 ii 7
7 ‘~~~ 17

Clay 4 7 7
4 1’- I

Sand 5 4 1
5 - 20 7

.4

The result s s’ I A; - :  c - i t  ix  r were e x a m i n ed t s i c -  t .- n~ f e e -  the mi g r i t ion

tern - - . in in the’ soils. In . . ‘- .  i - e l  , . t . ’~~- c - r e -  t~~i~ t ions .,~ic -s.- e- .!

higher tin con centr-it tons t h.en th e - midd l e- or hot~ om f r - i ~ tions . Topsoil

.in- ’ cliv showed horI2ontal and v,- r t  tea l m i , r - e t  ion: sand~-~~, ’ ii showed

most lv -.- - tt ic a l — ‘ i g i  it ion. This w e t - s  ; -rohai- lv ~i ti e -  to t ic. - larger voids

h. we - ,- ~i t he- -s .c c i t  Ic I c’s in - son to t t ~. cl av cii i t opsoil , re  see —

ing in a sI~ ting of the ~n 1t ‘1-ro ug h ‘he can t . V irtu a l l~~, no ~~ - i i~~s ’ n t

mi.’r i t ion was ‘h-s c~~~ed før the sandy sot I

In s ; ’ i t e - - - t  the ssnexp1.eine~.l variations in e - solvent ext n . e  :‘ t i~~s

c~’nt .-n o f the en.- on .r i - i . e . - ‘ soil ~ • th e following ~- . ne t e l l  zat ion* can he

drawn c i . - r .  - s t i l t  s in Table 11 and -\; ‘ ;‘e -nd ix I

1. co re se - s i e ’ns - s ~ w hig h e r ~in Coii. .nt r-i t ions t han middle- ~-r

ract ions .
— 

7. Sand showed :‘r [mar f l y  - - - - r i  i cal ml e rat ion of in vi ! ’ vi r t - c l i v

no herf:on! ii t - i i g r e t  ion .

3. N- - (1ep o site~- t t i n  mi e r . e ! -  - t - - t i -  I - ’ t t - -~ii 2 cm of afly ref t i e  se lls .  
—

As a I ln.-il t e s t ~ t h e ’ soils ’ ret .-~‘t  ion o~ the oc gsenc -t ins , random

op, ~ idd lc - , and hot t cm s - s - r e -  q. t rs t~ i • - - . o f  c - i s - h 1 vs i rs’t er were shaken over-

night in - e l cu k with tin—fr .- .- distil ic ’ s t  w e t  • r. The te l  lowing day each of

the solutions was ‘--- t rifuged and transferred t ’  a beaker along with fs”ir

gupp ies. - \fte r - ‘.9 hr . t he - t e - was no i nd i. - ct 1 - t i  of t o x ic i ty .  Results
I.
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are shown in Appendix F. lhe~ e~ fish consistent lv show at leaet a 50—

percen t mortalit y within 24 hr at t r ibut v ltin oxid e- concentrations be-

tween 25 an- I SO pph. This furthe r demonscr .ites t h -  soils ’ stro ng affinity

for the organotins . The e f f e c t  o’ soil ,-h eeri st tv s’n microf lora s n  the

adsorbed organotin was not  investigated .

SI~~~A)~Y OF 
!iNnIN(:S

1. Clay , topsoil , and sand exhibit a s t rong ads.’ rpt iv ity for organo-

t in corripettinds .

2. There i s no indication ‘s.e t over a 11—week period s ’ rc i n - ’ t  in ,

measured as extrac t e l - l e -  tin by A ’ .. lt’aches t hr -ugh tht c~ av , - o~s - i 1  , or

c,In !v soil lvu I me-i .- rs.

3. Sandy soil , 1’-c .~use of its coarsen~-ss and porosity , shows more

vertical migration thi n clay -n ~e’psc ’i l . Thin ~~y he due t o small grit

p e rt Ic los containing •‘rg.en’ ’t in — I .- r . e t  ing t h r ’ s . - • san’! nat  her than the

soluble ‘rganotin corpo inds.

None- of t h e  C s ’mp. ’nent a of the 1\-simc ’t er general ~-s or a d s o rb s  tin

to an ~- ‘- t ’ -nt t h a t  would ie lucne. e- t he -  Ic - e s  i t t . - r .-sults.

5. The guppy test ~- t -:idea ‘ - t i b e t evidence s ’ th e - soils ’

strong a f f i n i ty  for ,- rg.cnot in co r-ps ’ : ins I~~.

6. “- .-‘ ; .- p rell—i n a rv resul t s indi cate tha t the soils can ce-rye as

an interi m dic;’osal site ‘or t h e- c -’rg.inot in  con t — c—l n at ed grit abrasive

waste c e nt  ii a stilt chIc tetoxi I ca i-es •chnique Is - t ev .- l oped

RFC(’~ ’~ ‘.~ AT I ONS

I. An analy tical method is r - ired which can distinguish between

Inor ganic and organic tin ceempo inda in real time at the part per billion

level. Such .i technique wouls! aid in understanding the transformation

mechanisms of organotin compounds.

2. Base d on the results of this study, addi tiona l tests should be

conducted to determine the fa te  of organotins that are adsorbed on soil.

This would involve studying the e f f e c t  of chemicals , pH, temperature ,

microflora , and time .

21
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I~cng— to  rm • tel tests slli~ k l  I ci ice conduct C s !  t c i  s t e  - ermine whet her

contamin .it c t  waste -ch r is i Ye g r i t  con i t  be di sp. ’s t - sI in ~. e i c  I tary land c ills. -

22
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APPENDIX A
DETERNINATION OF TIN BY FLAMELESS

ATOMIC ABSORPTION

APPARATU S

A Perkin-Elme r Model 503 atomic absorption spectrophoto meter with an

HCA-2100 graphite furnace and a Hewlett-Packard chart recorder Is used
for all analytical measurements.

REAGENTS

Tin certified atomic absorption standard (1000 iig/ml).

Reagent grade nitric acid .

Reagent grade water (Milli— Q -.System).

INSTRUMENT SETTINC.S

Atomic absorption spectro me ter

Wavelength: 224.6 mm

Sl it: 3 (0.3 nm)

Damping : IC 1

ft(A modu le

Drying: 175 °C for 30 ccc

Charring: 650°C f o r  214 sec

Atom i7ing: 2500°C f or S see

Iner t ga s :  argon

RECORDER

Range : I cccv

Char t speed : 4 in./min .

PROCEDIIR E
The water ex tracts are filte red through Nalgene disposable f i l ters

- 
(0.2 u), and the soil extracts are diluted 1:1 with 10— percent nitric acid

before the grap hit e furnace analysis.

•
~~~ 
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The working stand ard (O.0l—g/ml) tin Is prepared by five consecutive

dil utions of the lO00—~g/.1 standard with 10-percent nitric acid. Working

standard injection , of 50, 20, and 10 til are made to obtain peaks for

500, 200 , and 100 plcograms of tin.

- s AA PROC EDUR E

With the gas flow turned on , the correct drying and charring t imes

and temperature. are set. The atomizIng time is adjusted t~o 5 sec , but

th. atomizin g temperature ii left at zero. Each sample (SO LI) Is in-
s - 

jected into the graphite furnace by means of an Eppendorf pipet. The

program is started and allowed to go to completion , 50 sec . Gas f low is

then turned off. The dr y ing and charring t ime s are changed to zero while

ad justing the atomization t emperature to 2500°C. A ft e r  S nec , the program

and recorder are started again. Once the peak appears , the ga. flow is

turned on and the recorder is turne d off. When the program light goes

out, the furnace is read y for a new samp le to he inj ected . The same pro-
cedure is then repeated . Dup licates are run on each sample.

CALCU’LAT I ON

The peaks f o r  t i n  ar e measured , and the standards ire plotte d on

regular grap h paper (peak height versus picogram tin). The picograms of

tin in the samples are then deter—fri ed frsertt the standard curve .

nicogram tin x dilution factorppm t in in water  — _____ -
~~~~1000 x aliquot

pico~ rartt t in  x dilution fac to r  x final volume
ppm tin In soil • 

______
- -__________________  __________

sample weight x 1000 x ~.l aliquo t

I
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APP ENDIX 8

STABILITY OF ORCANOTIN (1810) IN SOLUTION
iN THE PRESENCE OF PLEXIGLAS

- - 
Tin Concentration (ppb x 1o

.2) 
at

0 hr 3 hr 4.5 hr 24 hr 48 hr

With Plexiglas 2 3 2 2 2

With Plexiglas 2 2 2 2 2
With Plexiglas 2 3 3 3 2

With Plexiglas 2 3 2 3 2

w i t h  Plexig las 2 3 2 2 2

No Plex iglas 2 3 2 3 2

No Plexiglas 2 3 2 3 2

No Plex ig las 2 2 2 3 2

No Plexi glas 2 3 3 3 2

No Plexiglas 2 3 3 3 2

After 48 hr the average loss of tin was 30 percent in samples con-

taining Plexiglas and 37 percent in samples with no Plexiglas. From

these resultc it was concluded that Plexiglas would not adsorb significant

amounts of organotin from water solutions .

25 
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APPEND IX C
CURVES OP SOIl. LEACHATE DATA

Ii
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16 1 J I I

I 
TIN CONCENTRATION OF LEACHATE

ii PR IOR TO GRIT ADDITION (ppb)

14 TOPSOIL 
—

I I i~ It 
__________

i ~ 
I g ’ LYSIMETER I

~I I LYSIMETER 2
V

1 2 4  i % I %  —

t I  I

S
I I

10 —
~ I I I~ 

—

I, j I
I I  \ g I

5 %
0 ~~I /

‘ ~~I I —

II

:: 1 :1 ~~~~ 27

NUMBER OF WASHINGS (SAMPLE NUMBER) 
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16 I I I I I I I I

14 — T IN CONCEN TRAT ION OF LEACHATE —
PRIOR TO GRIT ADDITION (pub)

CLAY

LYSIMETER 3
12 — LYSIMETER 4 —

I A

~~~1 0—  

,

~ 
—

I
U.

~ 8~~ i I ~~ 
-

z %
-

U %
I

4 — 

~ I I -

‘
I I

I
2 -  \ ,~~~~ -

0 
I I I I I I I I I I

1 3 6 7 9 11 13 15 17 19 21 23 25 27

NUMBER OF W ASHINGS (SAMPLE NUMBER)
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16 [ I I

14 — —

12 — 

TIN CONCENTRATION OF LEACHATE 
—

PRIOR TO GRIT ADDITION (ppb)

SAND

to LYSIMETER S

~~~~~~~~~~~~~~~~~~~~~
I

•

\ ,

/

S
%
%
~

,

~
,
/

0 1 I I I I I I 1
1 3 6 7 9 11 13 16 17 19 21 23 25 27

NUMBER OF W ASHINGS (SAMPLE NUMBER) 

I

30



- 
~~~_~~~~~

— — —- -=~~ - - -

8 I ~I 1 1 1 1 1 ~ I

7 —  —

TIN CONCENTRAT ION OF LEACHATE
AFTER ADDITION OF GRIT (ppb )

TOPSOIL
8 —  —

LYSIMETER 1
LYSIMETER 2

Is

5 --- 
,

U. L
0 1’ I’
z 4 -  1 % J

J i  g i
4 1 %  I ~

f I
~~ 3 . . P 1 I —

8 ,\  I ~iII • I I I / \  /
z II I ‘ g I /

1’  Lk—
~~~~ 

“i’ 
I

2 f  V l  I V I, I 
~~ I I

L I i i  I \

~1 I ‘I I L A III % Ii I l\ / ‘\___/
~~~~~~~~~ 

i F I  I /V
‘I i / I
i~~~~~

1

1

/

I I I 1 1 1 1 1 1 1
- s 

1 3 5 7 9 11 13 16 17 19 21 23 25 27

NUMBER OF WASHINGS ~MMPLE NUMBER)

El

*0~ . 
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I I I I I I

7 —  —

6 — TIN CONCENTRATION OF LEACHATE —
AFTER ADDITION OF GRIT (ppb)

I CLAY 
-

U) LYSIMETER 3 _______ 
-

5 — LYSIMETER 4 — — — —  —

U.
0

A 

I

1’\\ I
14  A ‘t ~~~ -— a., —

A ‘I ‘ I \  ‘

‘I  __ / I \ I \ / \ /

\~~/ N J V  ‘.‘

~~~ I I I I I I I I
1 3 6 7 9 11 13 15 17 19 21 23 25 27

NUMBER OF WASHINGS (SAMPLE NUMBER)

U
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8 1 I I I I I I I

7 —  —

TIN CONCENTRATION OF LEACHATE
AFTER ADDITION OF GRIT (ppb)

6 —  SAND —

LYSIMETER
LYSIMETER 6 —— ——

I 

I

2 _
~ / 1 %

/ ‘I
I ~ \ P /\

\/
/ 

I I1 / % I  —

I % I
- 

- 

I

I I I I I I I I I
1 3 5 7 9 11 13 15 17 19 21 23 25 27

NUMBER OF W ASHINGS (SAMPLE NUMBER)
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L.YSI1IETER •i TOP3OIL
(Grit B — Coarse Part ic lø~~

)

Top (T) 100’ 1.
Middle ~4) 250
Hottc (B) Sb

__________________________________ 
- —

o 0 ‘~~

140

- i n ~g 0 ~ ~~~~~~~ 4..
5-

ED 143

H 

—

~~~~~~~~~~~~~~ 

11
‘All concentrations are in ppb tin.

-- 
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LYSIMETER .2 TOPSOIL
— (Grit A - Fine Particles)

~~~~~~~~~ 
lop (I) 57

f ~ Middle (N) 4 7
Bottom—(B)--—77—
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93

O ~~~~ 49~~~

‘~g (
~Th~L (~~~

‘
) 1 O O

/ ~~~\ 
37o ~~~~~~~ & \~,. / oo
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-
- 

I 20 c*

C 

—
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LYSIMETER 03 CLAY
(Gri t B — Coarse Particles)

/~~~
‘\ Top (T ) 47

U tliddle (M) 47
Bottom (B) 13

O90

0I~ ~~~• 
0 ~ 0

_ _  _ _

I
I 2O~~~

010

I— 40~~~ —~~~ -- 4
‘All concentrations are in ppb tin.
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L.YSI!IETER 04 CLAY
(G rit A - Fine Particles)

~t iJJ 1.~ (N) 20O Top (T) 4 7 *

Bottom (8) 13
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3
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• 01:°~
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T - _ _ _ _ _ _

LYSIMETER *5 SAUD
(Grit B - Coarse Particles)

/~~~~\ 
Top (T) 13

U 
~tiddle (M)  7
Bottom (B) 13

c~ /

‘•

~~~

••

~

••‘
\ 113

( 13
30 49 ~~

3O ca
437

0~
0

_ _ _ _  

_- 

~r• .

_ _

~~~~~~~~~

•
‘All. Concentrations are in ppb tin .
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LYS IUETCR i6 SAND
( Gr i t  A — F ine Particles)

o~r
4

0~ 
49

757

~~~~~~~ 203 1 

~~~~~~~ 

is~o

_ _ _ _ _ _ _ _ _ _  
20~~iu

0~
L 

~~~~40~~~

Ii 
‘All concentrations are in ppb tin.
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