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Liq uid Chro mato graphic–
Post-Column Derivatization Method

First Ac tion 1999
Fi nal Action 2003

(Ap pli ca ble for anal y sis of sulfamethazine in med i cated swine
and cat tle feeds in the range of 0.005–0.22%. Method is not in tended 
for anal y sis of sulfathiazole.)

Cau tion: See Appendix B, “Lab o ra tory Safety.” The fol low ing
ma te ri als used in the method should be con sid ered
toxic and care should be taken to avoid skin con tact
and in ha la tion of va pors or dust: p-dimethylamino-
benzaldehyde (causes eye and skin ir ri ta tion, re acts
with tis sue amines to turn skin yel low), and
hydroquinone (car cin o gen, air and light sen si tive).

See Ta ble 999.16A for the re sults of the interlaboratory study
sup port ing ac cep tance of the method.

A. Prin ci ple

Ground feed, with sulfamerazine added as in ter nal stan dard, is
ex tracted with 0.2M HCl and 1.5% diethylamine in 25% meth a nol.
Sulfamethazine is sep a rated by LC and measured at 450 nm us ing
post-column derivatization with dimethylaminobenzaldehyde.

B. Ap pa ra tus

(a) Liq uid chromatograph.—In stru ment main tain ing con stant
pulseless flow of mo bile phase with optional autosampler. Injection

vol ume, 10–200 mL (see D, Sys tem Suit abil ity Tests); mo bile phase
flow rate, 1–1.3 mL/min.

(b) De tec tor.—Wave length, 450 nm. Sen si tiv ity to meet sys tem
per for mance char ac ter is tics in D, Sys tem Suit abil ity Tests. Ad just able
rise-time and autozero fea ture are de sir able. Shimadzu SPD-6AV
UV-Vis de tec tor is suit able (Shimadzu Corp., 7100 River wood Dr,
Co lum bia, MD 21046, USA).

(c) Chro mato graphic col umn.—Any re versed-phase col umn,
C18 or C8, that meets per for mance char ac ter is tics in D, System
Suit abil ity Tests. Use a guard col umn. Phase Sep a ra tion’s

Spherisorb ODS2 (5 mm, 250 ´ 4.6 mm id); GL Sci ence’s Inertsil

ODS2, 5 mm, 25 cm; and Macherey-Nagel’s Nucleosil 120A, 5 mm,
25 cm are suit able col umns.

(d) Post-column re agent pump.—Any pump main tain ing a
con stant, low pulse flow of re agent from 0.5–1.5 mL/min.
Tef lon-based pump seals may be nec es sary. Pres sure max i mum
>2000 psi (14 MPa) de sir able. The fol low ing PCD sys tems are
sat is fac tory: Eldex A-30-S me ter ing pump with Fluoroloy K seals
(Fisher or equiv a lent); Pickering Lab o ra tories Flow Re agent
Con di tioner; Sci en tific Sys tems, Inc. Model LP-21 Lo-Pulse pulse
damper be tween the re agent pump and the Pickering de vice (Fisher
or equiv a lent).

(e) Mixing coil.—Tef lon, 1.5 mm ( 1
16 in.) od, 0.5 mm id ́  10 ft.

Pre pare Tef lon tub ing for con nect ing to nor mal 1
16 in. (1.5 mm)

stain less steel fit tings as fol lows: Place 1
16 in. (1.5 mm) nut and

fer rule on each end of tub ing. Buff sharp edges off di ag o nal tip of
1 in. No. 23 dis pos able sy ringe nee dle, and in sert nee dle into each
end of tub ing up to Luer fit ting (avoid dig ging nee dle into tub ing).
Twist Luer fit ting back and forth to break fit ting from nee dle (make
sure nee dle re mains open). Push nee dle in flush with end of Tef lon
tub ing by press ing bro ken end of nee dle against metal sur face. Slide
fer rule and nut over in serted nee dle and at tach be tween mix ing tee
and de tec tor. Coil con fig u ra tion does not af fect chro ma tog ra phy.
(Note: It is not al ways nec es sary to in sert nee dle; some times a di rect
con nec tion of the Tef lon tub ing to the stain less steel fit ting is
pos si ble.)

(f) Mixing tee.—A 1
16 in. (1.5 mm), zero dead vol ume de vice for

com bin ing the col umn and post-column re agent ef flu ent into a
sin gle stream for de liv ery into mix ing coil. At tach col umn and
re agent ef flu ent lines op po site from each other for best mix ing. A
Valco 1

16 in. (1.5 mm) ZDV Tee (P/N ZT1C), 0.25 mm id is suit able.

(g) Clar i fi ca tion fil ter.—In sert 13 mm glass fi ber pre-filter pads
(Gelman, or equiv a lent) into 0.5 in. id sy ringe bar rel (e.g., 6cc
“Monoject,” Sherwood Med i cal, 1915 Ol ive St, St. Louis,
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Ta ble 999.16A. Interlaboratory study re sults for de ter mi na tion of sulfamethazine in swine and cat tle feed by liq uid chro ma tog ra phy 
with post-column derivatization

Feed No. labs SMT
a
, % sr

b
r
c

RSDr,
d
 % sR

e
R

f
RSDR,

g
 % HorRat

Swine 1 10 (1)
h

0.22 (0.19)   0.00052 0.0015  0.28 0.0023 0.0065 1.3 0.25

Swine 2 10 0.11 (0.11)   0.0036 0.0099 3.1 0.0036 0.010 3.2 0.57

Cat tle 1 10 0.0154 (0.014) 0.00043 0.0012 3.1 0.00044 0.0012 3.1 0.41

Swine 3 10 0.011 (0.010) 0.00049 0.0014 4.7 0.00049 0.0014 4.7 0.59

Swine 4 10 0.011 (0.010) 0.00015 0.00041 1.4 0.00037 0.0010 3.6 0.45

Cat tle 2 10 (1)
h

 0.0077 (0.0068) 0.00014 0.00039 2.0 0.00032  0.00093 4.9 0.58
a

Nor mal sulfamethazine la bel claim (mean value from study).
b

sr = Re peat abil ity stan dard de vi a tion.
c

r = Re peat abil ity value (2.8 ´ sr).
d

RSDr = Re peat abil ity rel a tive stan dard de vi a tion.
e

sR = Reproducibility stan dard de vi a tion.
f

R = Reproducibility value (2.8 ´ sR).
g

RSDR = Reproducibility rel a tive stan dard de vi a tion.
h

Num ber of out li ers in parentheses.
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MO 63103, USA) or any other fil tra tion de vice de signed for
clar i fi ca tion of aque ous chro mato graphic solutions, e.g., Ny lon 66

sy ringe tip fil ters (0.2 mm).

(h) Cen tri fuge.—De vice to cen tri fuge 50 mL tubes at 1200 ́  g.

C. Re agents

(a) Wa ter.—LC grade.

(b) Meth a nol.—LC grade.

(c) Ace tic acid.—2%. Di lute 20 mL gla cial ace tic acid to 1 L with
wa ter.

(d) Acetonitrile.—LC grade.

(e) Ox alic acid.—0.2M. Dis solve 25.2 g ox alic acid dihydrate
(FW = 126.07 g) in dis tilled, deionized wa ter to make 1 L.

(f) Diethylamine.—1.5%.

(g) Sulfamethazine (SMT) stan dard.—USP Ref er ence Stan dard.

(h) Dimethylaminobenzaldehyde (DMAB).—Sigma D 2004,
(Sigma Chem i cal Co., St. Louis, MO) or equiv a lent.

(i) Hydroquinone (HQ).—Aldrich 24,012-5 (Aldrich Chem i cal
Co., Mil wau kee, WI, USA), or equiv a lent.

(j) Sulfamerazine (SMR).—Sigma S-8876, or equiv a lent.

(k) Extractant.—0.2M HCl + 1.5% DEA, (f), in 25% meth a nol.
To 1 L vol u met ric flask con tain ing 250 mL meth a nol, (b), add ca
300 mL wa ter plus 16.7 mL HCl, and mix. Add 15 mL DEA, di lute
nearly to vol ume with wa ter and mix, ad just to am bi ent tem per a ture,
di lute to vol ume, and mix. The pH of this extractant is de signed for
use with a 5 g test por tion; the buff er ing ca pac ity of a larger test
por tion would re quire a pro por tion ally larger vol ume of extractant or
higher HCl con cen tra tion. The pH of an ex tract should be close to 2.

(l) Dil u ent.—0.15M HCl + 1.5% DEA, (f), in 25% meth a nol.
Pre pare as in (k) ex cept use 12.5 mL HCl.

(m )  In  t e r  na l  s t an  dard  so  l u  t i ons . —(1 )  SMR s tock
so lu tion.—1 mg/mL. Weigh ca 0.1 g SMR, (j), into 100 mL
vol u met ric flask. Dis solve and di lute to vol ume with extractant. An
ex tra 2–5 drops HCl and sonication aids dis so lu tion. So lu tion is
sta ble stored in dark. (2) In ter nal stan dard (IS) spik ing

so lu tions.—(i) IS-A: About 100 mg/mL.—Di lute 10.0 mL SMR
stock so lu tion, (j)(1), to 100 mL with extractant. (ii) IS-B: About

200 mg/mL.—Di lute 20 mL stock so lu tion to 100 mL with

extractant. (iii) IS-C: About 400 mg/mL.—Di lute 20 mL stock
so lu tion to 50 mL with extractant.

(Note: In ter nal stan dard spikes B and C are only used for feeds
with > 0.016% SMT. See Ta ble 999.16B.)

(n) SMT stan dard so lu tions.—(1) SMT stock so lu tion.—About
1.1 mg/mL. Ac cu rately weigh 0.105–0.115 g SMT, (g), stan dard
(ac tual weight = Ws) into 100 mL vol u met ric flask . Dis solve and
di lute to vol ume with extractant (sonication aids dis so lu tion).
So lu tion is sta ble stored in dark. (2) SMT in ter me di ate stock

so lu tion (SMT ISS).—About 55 mg/mL. Di lute SMT stock so lu tion
10.0 mL to 200 mL with dil u ent.

(o) SMT–SMR work ing stan dard.—About 5.5 mg/mL SMT, (g),

and ca 5.0 mg/mL SMR, (j). Di lute 10.0 mL SMT in ter me di ate stock
so lu tion, (n)(2), plus 5.00 mL SMR IS spik ing so lu tion (IS-A),
(m)(1)(i), to 100 mL with dil u ent and mix. To tal stan dard di lu tion =
Ds = 20 000 mL (see Ta ble 999.16B). (Note: So lu tion should be
pre pared fresh daily. Pro tect from light when not us ing.) If
extractant rather than dil u ent is used for di lu tion, so lu tion will be too 
acidic and peak shape will de te ri o rate.

(p) Post-column re agent.—15 mg/mL DMAB and 0.5 mg/mL
HQ. Dis solve 3.0 g DMAB, (h), and 0.1 g HQ, (i), in 100 mL gla cial

ace tic acid. Care fully add 60 mL meth a nol, (b), and mix well. Add
40 mL wa ter, (a), mix well, and fil ter un der vac uum. (Mul ti ples of
the given quan ti ties are used if more than a few test sam ples are to be
as sayed.) De gas 2–3 min un der vac uum while stir ring. If stored in
dark, so lu tion is sta ble >1 month. (Cau tion: Avoid con tact of re agent 
with skin or cloth ing; treat as strong acid.)

(q) Mo bile phase.—Acetonitrile, (d),–2% ace tic acid, (c),
(17 + 83), or as ad justed to op ti mize chro ma tog ra phy. Al ter native
mo bile phase.—Acetonitrile, (d),–meth a nol, (b),–2% ace tic acid,
(c), (4 + 16 + 80) if pre mixed, or [A] acetonitrile, (d),–meth a nol,
(b), (2 + 3), plus [B] 2% ace tic acid, (c), with A + B = 20 + 80 if
in stru ment-mixed. Other pro por tions of acetonitrile and meth a nol in 
the or ganic mod i fier may be op ti mum for cer tain col umns. Use of
the al ter native mo bile phase may cause ap pre cia ble shifts in the
ca pac ity fac tors of in ter fer ing peaks, and thus im prove their
res o lu tion rel a tive to the sulfonamide peaks. Res o lu tion of
sul fona mides on some col umns may also be im proved by use of the
al ter na tive mo bile phase.

D. Sys tem Suit abil ity Tests

If de ter mined man u ally, di men sions used for res o lu tion and peak
skew cal cu la tions should be mea sured from a chromatogram
re corded at fast speed (ca 5 cm/min or 2 in./min) and sen si tiv ity

ad justed to give peaks ³80% full scale.

(1) Sys tem res o lu tion.—Pre pare a sys tem res o lu tion stan dard

like the work ing stan dard ex cept in clude sulfathiazole (STZ, Sigma

S9876) at about the same con cen tra tion as SMR. This is a qual i ta tive 

test so lu tion and can be used for sev eral months if stored in the dark.

In clude near be gin ning and end of each analytical set to ver ify

proper res o lu tion of sul fona mides. Elu tion or der is STZ, SMR, SMT 

(see Fig ure 999.16). Sys tem (LC, col umn, and de tec tor) should

al low for sep a ra tion of STZ, SMR, and SMT peaks from each other

and from as so ci ated co-extracted ma te ri als. SMR–SMT peak pair

must have base line res o lu tion, and peaks should not have ex ces sive

tail ing. STZ (k¢ ³ 1) must be sep a rated well enough from the SMR to

be measurable if pres ent in an SMT product as a con tam i nant.

(2) Sys tem in jec tion pre ci sion.—Make ³5 rep li cate in jec tions of
work ing stan dard (or other so lu tion con tain ing an ap pro pri ate
con cen tra tion of SMT and SMR). The rel a tive stan dard de vi a tion of
SMT/SMR peak re sponse ra tio should be <2%.

(3) Sys tem lin ear ity.—Pre pare 4-point stan dard curve over range

of SMT con cen tra tion from ca 1 to 6 mg/mL (see Ta ble 999.16B).
Use same in ter nal stan dard con cen tra tion in each. Plot ra tio of
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Table 999.16B. Cal i bra tion solutions for
sulfamethazine/sulfamerazine

Concn SMT,
mg/mL

a
SMT ISS

b
,

mL
IS spike A,

mL
Di lute to,

mL Ds
c

1.1  2.0 5.00 100.0 100000

2.2  4.0 5.00 100.0  50000

5.5 10.0 5.00 100.0  20000

6.6 12.0 5.00 100.0  16667

a
Ac tual mg/mL SMT = 

W 10

D
s

6

s

´
.

b
SMT in ter me di ate stock so lu tion (ca 55 mg/mL), (n)(2).

c
Ds= To tal di lu tion of stan dard in mL. See “Di lu tion Cal cu la tion” in G,
Cal cu la tions, for ex am ple.
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analyte to in ter nal stan dard peak re sponse ver sus analyte
con cen tra tion. Plot should be lin ear and pass through or i gin. (If
con fi dence lim its of the in ter cept in clude zero, the null hy poth e sis
that the in ter cept equals zero can not be re jected, i.e., hy poth e sis is
ac cepted that the line passes through zero.)

(4) Sys tem sen si tiv ity.—When de tec tor sen si tiv ity is set to

pro duce work ing stan dard peak height for SMT of 50–80% full scale 

(if strip chart re corder), height of SMT peak from a 1/10 di lu tion of

work ing stan dard should be ³4 times base line noise.

E. Ex trac tion

(1) Ac cu rately weigh 4.75–5.25 g well-mixed ground test
sam ple, and trans fer to 250 mL Erlenmeyer flask. Wu = ac tual
weight of test por tion to near est 0.001 g. SMT-containing feeds are
gen er ally made from sta bi lized pre mixes and re quire spe cial
grind ing con sid er ations to ob tain sat is fac tory an a lyt i cal
re peat abil ity. Grinding to pass a 0.75 mm screen fol lowed by a
sec ond grind to pass a 0.5 mm screen in a Brinkmann analytical
mill is sat is fac tory for a 5 g test por tion. Test grind ing and mix ing
pro ce dure to de ter mine that pre ci sion is sat is fac tory.

(2) Add ca 100 mL extractant, then add the ap pro pri ate in ter nal
stan dard (IS) spik ing so lu tion [see Ta ble 999.16C and C]. Stop per
flask with poly eth yl ene stop per. (May stop over night at this point.)
That the vol ume of extractant is not ex actly 100 mL is not im por tant
as long as the cal cu la tion is based on the vol ume of added in ter nal
stan dard; the or der of ad di tion of extractant and in ter nal stan dard
so lu tion is im por tant.

(3) Shake 1 h (shake by hand and re lease pres sure be fore shak ing
me chan i cally). Secure the stop per with tape.

(4) Let large par ti cles set tle, and pour por tion of ex tract into
50 mL cen tri fuge tube. (May stop over night at this point.) May hold

over night at ca 4°C (to aid clar i fi ca tion) or at room tem per a ture.

(5) Clar i fi ca tion is aided if ex tract is first chilled in ice bath for

30–60 min. Cen tri fuge 5 min at 2000 rpm (ca 1200 ´ g). Fur ther
di lute ex tract con tain ing higher lev els of analyte with dil u ent (as
in di cated in Ta ble 999.16C). Fil ter small por tion through
clar i fi ca tion fil ter, B(g), and in ject.

F. Chro ma tog ra phy

(a) LC–PCD con fig u ra tion.—

mixing coil detector recorder

LC pump LC column

® ®

­

® ® mixing tee ¬ ¬pulse damper(s) reagent pump

(b) Chro mato graphic con di tion syn op sis.—Col umn: Spherisorb 

5 mm, ODS2, 25 ´ 0.46 cm, or equiv a lent. Mo bile phase:
acetonitrile–2% HOAc [17 +83; see C(g)]. Flow rate: mo bile phase
1.1 mL/min; PCD re agent, C(p), 0.6–0.7 mL/min (pump set ting

1.25). In jec tion vol ume: 10 mL. Con cen trated work ing stan dard
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Fig ure 999.16. Sys tem res o lu tion stan dard chromatogram. Sulfathiazole (STZ), sulfamerazine (SMR) in ter nal
stan dard, and sulfamethazine (SMT). Con di tions as in Sys tem Suit abil ity, D.

Ta ble 999.16C. In ter nal stan dard (IS) spik ing
so lu tions/ex tract di lu tions

La bel claim SMT

ISa so lu tion IS so lu tion, mL
Fur ther

di lu tion ex tract Du

b

mg/kg %

 50–160 0.005–0.016 A 5.00 None 100

170–300 0.017–0.03 B 5.00 25/50 200

310–600 0.031–0.06 C 5.00 25/100 400

1100 0.11 Stock 5.00 10/100 1000 

2200 0.22 Stock 10.00 10/200 2000 
a

See C, Re agents, for in ter nal stan dard so lu tions.
b

Du = To tal sam ple di lu tion used in cal cu la tion of re sult.
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(Cs): ca 5.5 mg SMT/mL. De tec tor: 450 nm, sen si tiv ity 0.02 AUFS.
Col umn con di tion ing: from the col umn stored in 100% or ganic
sol vent (acetonitrile or meth a nol), pump acetonitrile for a few
min utes, then pro gram to 17% acetonitrile in 2% ace tic acid.

Adapt con di tions as needed to sat isfy the sys tem suit abil ity test.
(c) LC–PCD sys tem start-up.—While pump ing mo bile phase,

bring post-column sys tem on-line. Let sys tem equilibrate un til
base line is sat is fac tory (10–30 min). (Cau tion: Wear gloves to
pro tect skin. Re agent is strong acid and DMAB will dis color tis sue.)

Op ti mum flow rates are 1–1.5 mL/min for the mo bile phase,
0.5–1 mL/min for the post-column re agent; a mo bile phase flow of
1.1 and re agent flow of ca 0.7 mL/min are sat is fac tory. Ad just as
needed to ob tain op ti mum base line and analyte re sponse.

Pos si ble causes of base line noise: (1) Re agent pul sa tions from
PCD pump are not sat is fac to rily damped; (2) LC pump is not
sat is fac to rily damped; (3) de tec tor rise time is not prop erly set; (4)
pump valves are leak ing; (5) de tec tor lamp is not sta ble (es pe cially if 
H lamp is used); (6) air bub ble is pres ent in de tec tor flow cell; (7)
mix ing coil is aged (fa tigued); (8) mo bile phase and post-column
flow rates are not prop erly ad justed (with mo bile phase at
1.3 mL/min, in creas ing the post-column re agent flow rate from ca
0.5 to ca 0.75 mL/min cor rected a noisy base line.)

(d) De ter mi na tion.—See D, Sys tem Suit abil ity Tests, for qual ity
con trol stan dards. (1) In ject the sys tem res o lu tion stan dard
so lu tion, D(1), and ad just sen si tiv ity/in jec tion vol ume to pro duce
peak height 50–80% full scale. Note whether res o lu tion and peak
shape are sat is fac tory. (Turn around time is 12–20 min de pend ing on
the mo bile phase used.) (2) Make 2 or more in jec tions of work ing
stan dard to en sure that peak re sponse is re peat able (peak re sponse
rel a tive stan dard de vi a tion <2%). (3) In ject work ing stan dard
fol lowed by test solution in jec tions. Bracket each set of 2 test
solution in jec tions by in jec tions of work ing stan dard. In sta ble
sys tem, more tests may be in jected be tween in jec tions of stan dard.
(4) Study chromatogram to de ter mine if use of elec tronic
mea sure ment of peaks is jus ti fied (stan dard pre ci sion, peak
in te gra tion marks, and base line codes are sat is fac tory); oth er wise,
use man ual peak height. (5) Cal cu late peak re sponse ra tios, SMT
peak/SMR peak. If work ing stan dard re sponse ra tios through out run
are ran dom, use av er age for cal cu la tion of re sults; if not ran dom,
av er age brack et ing work ing stan dard ra tios to cal cu late re sults.

(e) LC col umn cleanup fol low ing anal y sis.—De tach col umn
from mix ing tee, pro gram from mo bile phase to 100% aque ous, and
hold for 20–30 mL of wash. Then pro gram to 100% or ganic (about
10 min). Pass about 20–30 mL 100% or ganic through the col umn
be fore shut ting LC down and stor ing col umn in or ganic phase.

Ox alic acid so lu tion, 0.2M, has been used suc cess fully to
re ju ve nate col umns in which res o lu tion and peak shape have
de te ri o rated. Pro gram to wa ter, pump 20–30 mL; pump 20–30 mL
0.2M ox alic acid; pump 20–30 mL wa ter, and pro gram to or ganic for 
stor age of col umn.

(f) Post-column sys tem (in clud ing mix ing coil and de tec tor)
cleanup fol low ing anal y sis of test set.—Af ter dis con nect ing LC
col umn from mix ing tee, plug the LC pump out let in the tee, and
pump meth a nol (ca 10 min) fol lowed by isopropanol (10–15 min)
through the sys tem.

Meth a nol is the better sol vent for clean ing re agent from tub ing
and de tec tor; isopropanol is su pe rior for seal pro tec tion.

G. Cal cu la tions

Sulfamethazine, % = 
R W D P 100

R W D
u s u s

s u s

´ ´ ´ ´

´ ´

Sulfamethazine, mg/kg = 
R W D P 10

R W D
u s u s

6

s u s

´ ´ ´ ´

´ ´

where R = in stru ment re sponse ra tios; s = stan dard; W = weight in
grams; u = un known test portion; D = (to tal) di lu tion in mL; P =
pu rity of stan dard.

Di lu tion cal cu la tion.—To tal di lu tion of stan dard (Ds) in which
Ws g stan dard ma te rial is dis solved in sol vent, di luted to 100 mL,
and fur ther di luted in se ries 10/200 and 10/100 is cal cu lated as:

Ds = 
100 200 100

10 10

´ ´

´
 = 20 000 mL

Du = 100 mL or as in di cated in Ta ble 999.16C.

Ref er ence: J. AOAC Int. 83, 260(2000).
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